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Preface 


The Environment in Engineering Education responds to the need — felt 
equally in the industrialized and developing world — for broadening and 
renewing the educational experiences offered to men and women 
preparing for the engineering professions. It deals with what is perhaps 
the major aspect of their responsibility to society. As the ninth in the 
series ‘Studies in Engineering Education’ it reinforces and exemplifies 
the approach made in the second, Social Sciences and Humanities in 
Engineering Education. It shows how the ability to meet the environmen- 
tal challenge depends on a thorough grounding in relevant aspects of the 
socio-humanistic disciplines. And it emphasizes that these insights must 
be integrated with technique and the real world of engineering, as part 
of the educational process, if they are to be of professional value. 

In the present volume four basic aspects are discussed by the authors: 
the engineering of the work environment; the choice and implemen- 
tation of appropriate technology; the education of specialists in environ- 
mental engineering; the aims of academic organization and the 
strategies which can be employed by decision-takers in higher education. 
The problems approached by the authors have been identified as mat- 
ters of high priority by the International Working Group on the En- 
vironmental Education of Engineers. The group, created to advise the 
Director-General of Unesco, held its first session in Paris in 1975, its 
second in Caracas, Venezuela, in 1977, and its third in Paris in 1979. 

Unesco is indebted to Dr David Brancher, editor of this work and 
author of the sections on academic organization and appropriate tech- 
nology, and to the other authors, Professor Gideon Gerhardsson, Dr 
Hassan El-Baroudi, Dr Dev R. Sachdev and Professor Adel Hamouda. 
It expresses its thanks also to George McRobie, who convened the meet- 
ing of advisers in appropriate technology, and to Professor Richard 
Booth and Dr Dennis Else, who contributed the material for the case- 
study on the work environment. 

All authors have expressed facts and ideas independency of the 
Organization and their opinions are not necessarily those of Unesco. 
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Introduction 


David Brancher 


Any discussion of the environmental education of engineers is likely to 
be disrupted by an awkward question: What does environment mean? 
If engineers are supposed to be taught about it, what they should do with 
it and what they should protect it from, then we need to know what it 
really is. 

This is a fair question — and a revealing one. Trying to answer it 
reveals that things and processes which represent environment to one 
engineer are part of the job itself to another kind of engineer. For 
example, a chemical engineer discharging waste material into a river 
(with or without damage — it makes no difference) is having an effect on 
the environment. Environmental education for him or her means learn- 
ing something about the ecology of rivers. 

To the water-resources engineer dealing with the river, the same dis- 
charge involves the setting and enforcing of effluent standards, monitor- 
ing results, maintaining summer flows and so on. It is the very centre of 
the job. But take the same water engineer to the national park where the 
river begins and you may find that he or she also needs environmental 
education. The damming of rivers, the raising of lake levels, and the 
construction of roads and buildings can have a profound effect on the 
quality of the landscape and its recreational potential. This field of en- 
vironmental education, in turn, we find to be the central responsibility 
of yet another kind of engineer — the landscape architect. The boundary 
between professional function and environment is clearly relative. 
Where it seems to lie depends on what kind of engineer you are. 

We can find a similar relativity along the dimension of time. Twenty 
or thirty years ago, in most developed countries, *the work environment 
was a concept of limited meaning for most mechanical and production 
engineers. In so far as problems were recognized they were seen as 
belonging to specialists in industrial medicine and a few other subjects. 
Now it is generally understood that the industrial work environment, at 
least in many respects, is something to be engineered; to be studied 
created or improved, and monitored, largely by engineers. The boundary 
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between the engineer's role and the setting of that role has shifted. It has 
moved under the pressures of public concern and a greater awareness 
within industry of what constitutes a well-engineered work process. 

We can see, then, that the definition of environment and environ- 
mental education is hampered by relativity. Where the environment 
begins is relative to engineering specialization and is changing in time. 
Perhaps more precision might be gained by a consideration of pollution. 
for surely the control and elimination of pollution are primary aims of 
environmentalism. 

Pollution can be objective, as in the case of toxic chemicals. It can 
also be subjective, as in the case of landscape degradation. And it can be 
both objective and subjective, as in the problem of noise. Pollution can 
have direct effects on human beings, as in the case of drinking-water 
supply. Its effects can be indirect, where it is affecting fish stocks. It can 
be more or less dependent of ecosystems and it can make itself felt 
through symbiotic or parasitic interactions which only an expert can 
comprehend. 

Pollution can be totally unacceptable and call for elimination at all 

costs, or it can require economic judgement in which the costs of this or 
that level of treatment are balanced against the gains and losses which 
would result from using money (i.e. resources) in some other way. The 
idea of pollution as the presence of matter or energy where it is un- 
wanted, at first glance so simple, turns out to be of little use in definition. 
in environmental education as in engineering itself. 
. Noris the idea of resource depletion any more helpful. One reason 
is that resources exist only to the extent that they are recognized. A 
national park has been depleted if bad management has caused it to 
provide less of the wilderness experience for which it was originally 
designated. The centre of a historic town can lose its capacity to offer the 
architectural experience for which it might have been conserved. In both 
cases, and of course in a multitude of others, the losses are subjective but 
nevertheless real and important. 

But even physical resources, unquestionably objective and tangible. 
depend on perception. Their depletion is real to the extent that we know 
we have uses for them. It is less real to the extent that we know that 
substitution or the elimination of need can be arranged at reasonable 
cost (and ‘reasonable cost’ is itself a matter of perception). Resources: 
then, may be tangible, intangible, aesthetic and ‘economic’, They appear 
and disappear in the light of what we know and what we care about. 
They are cultural constructs. 

If we find such difficulty in defining environment, how can we handle 
environmental education? Chasing this elusive and amorphous spirit 
through the forest, we may perhaps wonder if the pursuit of definition 
I$ worth while. It certainly is not worth while in the sense that we wil 
ever be able to say that environmental education is concerned with this 
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and not with that. An absolute definition will always escape us, and for 
a very important reason. 

Engineering is about creating wealth — that is, physical, social, and 
mental well-being — in the real world. It takes things from this real 
world, the environment of engineering, and puts them back with added 
value. Without this addition of value, engineering has no meaning. En- 
gineering for the sake of engineering is not engineering at all; it never 
was. In this sense all engineering is ‘about the environment’. 


A systems view 


Has the word ‘environment’ any use for us at all, then, in this time of 
debate and criticism? It has, in only one respect, which we take from the 
field of systems theory. For engineering — whether we regard it as a 
group of people, as a cluster of institutions, or as a body of knowledge 
and skills’ — is itself a system. And, like all systems it has an environ- 
ment — other people and their values and goals; other institutions; other 
knowledge and activities. It tries to be open; to take information from 
the changing environment. It tries to redefine its environment by extend- 
ing its field of information and control. And where it cannot maintain its 
existing goals engineering must adapt by finding new goals and by reor- 
ganizing its internal structure to match them. 

All three of these characteristics can be observed in engineering. And 
it is only by taking a systems view that we can find a concept of environ- 
ment and environmental education which holds its validity through time 
and across the many specialisms and responsibilities in the engineering 
profession. The paradox is that by defining the environmental education 
of engineers in this way we are ruling out the permanent definition of 
engineering itself. 

The major implications are matters of vision. In the future, if en- 
gineers are to meet the environmental challenge, they will need to look: 
(a) outwards as well as inwards; (b) to future generations as well as this ; 
(c) to less obvious effects as well as the obvious; (d) to intangibles as well 
as to tangibles; (e) to immeasurables as well as to measurables; and (f) 
to true wealth as well as to narrow commercial gain. 

The logic of this Introduction, as so far developed, sets the slim vol- 
ume of papers an impossible task. It is tempting, as always, to try to 
condense and summarize all that might be said; to reduce the field of 
knowledge (in so far as the authors may comprehend it) to a series of 
lists and prescriptions. This would be a mistake, carrying with it the 
certainty of trivialization. It seems better to be selective and to focus 
more narrowly, using two criteria which appear apropriate. First, it is 
important that the subjects should have contemporary international sig- 
nificance, having regard to the role of Unesco in bringing together the 
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developed and developing nations. Second, because many readers will 
be senior decision-takers in higher education, it seems appropriate that 
the papers emphasize the strategic matters which are important in de- 
veloping environmental education and the schools which offer it. 

Earlier, while attempting to resolve the conceptual problem, we 
noted some systems-characteristics which can be observed in the en- 
gineering profession, as it adapts to new circumstances. We can use these 
characteristics now in introducing the four papers. 


Wider boundaries 


Ten or fifteen years ago it would have been unthinkable to include the 
concept of the work environment in a collection of papers on the en- 
vironmental education of engineers. More recently, however, a new 
awareness has shown itself in government, among industrialists and 
trade-union leaders, and in the general public. It shows itself in the 
recognition that the industrial work environment can have chemical and 
physical characteristics which are injurious to health in both the long 
and the short term. 

At the same time, and under the influence of bodies such as the 
World Health Organization and the International Labour Organisation, 
the idea of health has itself taken on a wider meaning. This meaning, 
perhaps better expressed as ‘wealth’ in the original definition, expresses 
a concern for the well-being of the worker as a whole person. It sees the 
working individual as not only breathing and hearing and manipulating 
and moving, but also as someone looking for purpose in work, and the 
chance of self-fulfilment. 

In some ways the industrial work environment has improved in the 
one and a half centuries since the earlier-developing nations began 
large-scale industrialization. Although much remains to be done, an 
new processes pose new risks, a proportion of industrial work is now 
cleaner, less toxic, quieter and safer. Where this improvement has oc 
cured, much of the credit belongs to engineers. : 

But comparisons must be made, not with historic situations, but with 
current expectations. The industrial worker of a century ago lived in 2 
tight, self-contained, and inward-looking community of people who 
could imagine no other form of employment (unless it was the even 
harsher life of the agricultural worker of those times). His leisure hours 
were few. and he lacked the money to make full use of them any- 
way. 
Today the picture is different. Even in the later-developing countries 
most industrial workers have radios and some have television. The 
young have opportunities to travel and the transistor has united them M 
an international youth-culture whose values the older generation IS slow 
to comprehend. At all ages the industrial worker of today has expecta" 
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tions and aspirations which were limited to only a few, even ten or 
twenty years ago. 

When these aspirations are not met; when management cannot see 
even that they exist; when work is felt to be cramping and monotonous; 
when the physical environment is unhealthy and potentially dangerous, 
we have the conditions in which workers can be alienated from their 
work, their employers, and even from each other. Of course, it is the task 
of managers and trade-union leaders to avoid the development of such 
a situation and to deal with it where it already exists. But the key role 
lies with the expert specialist — engineer, industrial physician, ergonom- 
ist and so on, in giving advice to both sides so that they can become one 
side. In his chapter, Gideon Gerhardsson reviews the expertise necessary 
in understanding and improving the work environment. 

The role of the engineer in this important and critical activity varies 
from one industry to another and from one field of knowledge to an- 
other. In some situations the engineer needs to know, indeed should 
know, as much as anyone. In others the centre of expertise lies with 
another profession. but the engineer needs to appreciate the problem 
and what can be done about it. It is unrealistic to think that engineering 
students can and should be required to learn to an even depth through- 
out the field of the work environment. Not only would this be wasteful 
overall, it would inevitably mean superficial learning where high compe- 
tence was required. 

With this in mind, Professor Gehardsson uses two categories or levels 
in describing areas of knowledge: ‘appreciation’, where a broad under- 
standing is sufficient; and ‘working’, where the engineer has the respon- 
sibility for effective action. More important still, the chapter recognizes 
that, because of the wide span covered by engineering, the definition of 
the two levels of expertise must vary from one branch of engineering to 
another. 

As elsewhere in the environmental education of engineers, moti- 
vation can present a problem. It is not that engineering students are not 
capable of being interested in environmental matters. It is, rather, that 
their perception of engineering and the engineers role tends to be 
limited to a narrow stereotype. The challenge to teachers is that this 
perception has to be extended so that students recognize the breadth of 
their future responsibilities. The paper suggests some ways in which the 
educational problem can be handled and emphasizes, in particular, the 
special contribution which can be made by case studies. 


New goals 


Earlier in this Introduction we underlined the difficulty in fixing the 
limits of environmental education. particularly where engineers are con- 
cerned. If indeed all engineering is ‘about the environment’ then it fol- 
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lows that it should be appropriate to the environment in which it is 
applied. And, to a student or engineer who has been educated in the 
systems approach, ‘environment’ means not only the biological context. 
It means the totality of tangible and intangible surroundings with which 
the man-made system interacts. 

Like many truisms this assertion is both trivial and profound. It is the 
trivial aspect which causes some engineers to dismiss the concept of 
‘appropriate technology’ as something so obvious as to be almost with- 
out significance. Such a reaction is perhaps understandable among those 
who have never been to a region where technology has failed to close the 
gap between nutrition and starvation, between wide-scale disease and 
health, between shelter and homelessness; who have not seen the many 
failures of technology in economic and social development. 

And it is the profound implication of the appropriate-technology 
concept which leads others to be offended by it. Such people have been 
known to ask if anyone is suggesting that their particular technological 
expertise is inappropriate. Most colleagues are too polite to respond to 
Such a challenge and this leads to the subject being kept below the 
surface of discussion. 

In education the concept of appropriate technology can appear nebu- 
lous. Let us consider an idealized school of engineering where students 
are exercised in both the ‘hard’ and ‘soft problems of economic and 
social development; where they are educated in the relevant social scien- 
ces; where the staff are personally committed to the humane use of 
technology; and so on. Even in such a school it is difficult to give an 
answer to an apparently simple question like ‘Do you cover appropriate 
technology in your course? It is rather like asking a medical school 
whether it does the human side of medicine. 

To raise the topic of appropriate technology is to beg a large number 
of questions. And it is right to do so. It would be tragic, in the real sense 
of the word, to let engineering education end this decade without 5 
reconsideration of the problems and issues of a world in which there 1S 
too much hunger, disease, homelessness and unemployment; in which 
technologies have been devised and transferred which have too often 


ance of technological opportunities depends on factors which may be cul- 
tural. social. political and even religious. The grasping of such opportunities 
may depend on economic considerations such as the availability of phys!” 
cal resources and financial capital. and the size, skills and motivation 0 
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structure (for example in matters of education and training) and on the 
resilience of the biological environment and its ecology. Above all the 
long-term stability of the development will reflect the extent to which 
it meets the fundamental economic and social needs of the mass of the 
people. as distinct from the aspirations ofa political or bureaucratic faction. 

It is, however, a profound mistake to assume that appropriate tech- 
nology is a concept or set of ideas to be considered only in the develop- 
ing countries. Nothing could be further from the minds of those who 
helped prepare the second paper in this volume. The affluent countries 
of the world do not generally have poverty of the kind which scars so 
many countries still at an early stage of development. But they do have 
intractable problems, for example in their cities, in their natural environ- 
ment, in structural unemployment. Many of these problems have been 
created by the indiscriminate and ill-considered use of technology. It is 
because of this that one can find today, probably in every technologically 
advanced country, innovations in engineering education which reflect a 
concern that such mistakes be avoided in future. 

Such innovations do not, of course, always appear under the banner 
of appropriate technology. Neither do they appear necessarily as com- 
plete degree programmes or even as self-contained courses. They may 
arise, for example, as lecture-series on technology and urban problems, 
on job-creation, or on alternative energy sources; they may appear as 
options which enable a minority of students to meet some of their wor- 
ries sabout the future of Western-style technology; very often they 
emerge in the selection of design projects, supervised by forward-looking 
teachers. And such projects may be wider-ranging than has been normal 
in the past; in many schools of engineering there is a growing use of 
'socio-technical' projects of the kind developed through the 'general 
Education in Engineering’ project in the United Kingdom and as 
pioneered in several schools in the United States. 


Re-structuring 


The adjective ‘civil’ is used in several language-groups to designate the 
engineer whose concern is with the construction of roads, dams, bridges, 
canals, pipelines and framed structures of many kinds. Few lay persons 
realize that the term dates from the time when the professional centre of 
engineering was military. As a comparable level of status came to be 
accorded to non-military purposes, the practitioners were called 'civil 
engineers' to make this clear. Even today in some countries, the term 
covers the whole field of non-military engineering at the professional 
level. In other countries, the new technologies of the nineteenth and 
twentieth centuries are reflected in a profusion of titles and professional 
bodies. Professional structure, in other words, has been determined by 
historical circumstances. į 
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For many reasons, it is easier to found a new professional body than 
it is to rationalize the pattern that already exists. It may even be easier 
to start a new degree programme or university department than it is to 
reorganize the courses and schools which are already in operation. But 
sometimes the accidents of history leave too heavy a burden or block too 
many opportunities for professional development and wider service to 
the community. This is the situation today in environmental engineering. 
according to El-Baroudi, Sachdev and Hamouda. These authors. from 
the viewpoint of high-level experience in both developing and de- 
veloped countries, see the need for restructuring in practice and in edu- 
cation, to reflect the emerging needs of clients. 

Here, then, is another example of the adaptation of a profession to 
a changed working environment. Some professional and academic 
bodies are autonomous. Others are closely controlled by government. 
But in either case it is the conceptualization of past, present and future 
which facilitates change. Indeed, it is only by modelling that we can 
handle the goals and constraints which face us in any complex situation. 
El-Baroudi, Sachdev and Hamouda offer a model in the hope that read- 
ers will test its validity against their own experience in education and 
professional practice. 


Openness 


Armed with some of the ideas and suggestions of the first three papers 
the academic administrator faces those decisions for which he or she has 
the ultimate responsibility. In any school new subjects can be ordained 
to replace older ones; new methods can be prescribed to supersede those 
which have been relatively unsuccessful; new teachers can be appointe 
and gain influence. But the guarantee that such changes will be made aS 
soon as they are needed; that they will be improvements and not merely 
alterations; that they will be assimilated and become fruitful, cannot 
come from the wisdom or strength of the senior administrator at any 
point in the school’s history. This is too much to expect and far too much 
to rely on. The ultimate safeguard lies in the character of the school 
itself; the existence of a collective learning culture (among faculty but 
involving students and their learning also); the capacity of the system to 
remain open. 

Most administrators seem to assume that the structure and staffing of 
a school should be decided, once and for all, when it is known what 5 
to be taught and researched in the school. Structure is seen. in other 
words, as an event. The fourth paper in the set takes. in contrast. ? 
dynamic view of academic organization. Structure and educational COP" 
tent are seen as interactive and mutually creative. ; 

Obviously. some early decisions must be taken on organizatiof: 
These decisions should. of course, leave opportunities for revision. 
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should also, however, set out deliberately to provide the conditions in 
which new teaching needs can be met with new teaching arrangements; 
in which the results of research can immediately influence educational 
content; and. in which the thrust of content is a reflection of shared 
environmental concern. 

The idea of dynamic structure is not new, and many efforts and 
experiments have been made. The final paper review some of the 
schemes which have been used and criticizes them as vehicles for en- 
vironmental education. The author also suggests some criteria for the 
evaluation of academic structures in general, and for assessing the 
appointment and performance of staff members. He singles out for 
special mention the distinctive needs of the non-engineer teacher in a 
school whose main function is engineering education. 


Work sciences and the engineer 


Gideon Gerhardsson 


Occupational health should aim at: the promotion and maintenance of the 
highest degree of physical, mental and social well-being of workers in all 
occupations; the prevention among workers of departures from health 
caused by their working conditions; the protection of workers in their 
employment from risks resulting from factors adverse to health; the plac- 
ing and maintenance of the worker in an occupational environment 
adapted to his physiological and psychological equipment and to summa- 
rize: the adaptation of work to man and of each man to his job. — Joint 
ILO/WHO Committee on Occupational Health (1950)' 


Introduction 


Technical universities have many clients — students, employers, profes- 
sional associations, the work force, the public at large. Each group of 
clients may at one time or another demand a somewhat different set of 
subjects, a different order of emphasis. As if these incipient conflicts were 
not enough, the engineering educator faces problems of change and 
expansion. Subjects develop or decline in importance. New subjects ap- 
pear and within each subject knowledge expands and new insights are 
achieved. 

Coupled with conflict and change is the problem of interrelation. The 
systems approach, throughout engineering and management, has forced 
us to recognize that factors impinge one on another, and that any system 
must be understood as a whole if we are to achieve the results we want. 
In the education of engineers the integration of knowledge is not only 
difficult; it makes a further demand on the time of teacher and student. 

Although many people pay lip-service to the need for broadly edu- 
cated engineers, it is often the non-technical subjects which run the 
greatest risk of being squeezed out of the curriculum. And although 
engineers have learned to apply the systems philosophy in describing, 
designing and controlling physical systems, they persist in making an 
instrumental approach to questions of the working environment and job 


' WHO Technical Report Series No. 66, Geneva, 1952, p. 4. 
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design. It is not that they are inhumane, it is simply that they see the 
worker as a component. If this component causes or suffers problems — 
absenteeism, ill-health, accidents, boredom. for example — it is other 
kinds of experts who should intervene. 

The engineer tends to be concerned with efficiency and optimization. 
In his or her technical education these concepts can be narrowly defined. 
It is not surprising that reductionism has been carried over into the 
human elements of socio-technical systems, with results which have 
sometimes been merely temporary, but sometimes have come to assume 
the dimensions of social disaster. 

But things are changing in the domain of the engineer. and nowhere 
faster than in the field of the work environment. Accidents and industrial 
disease are now seen more clearly to be avoidable. Boredom and anomy 
are recognized as not the worker's fault. Work is understood to be à 
social activity in which wages, although important, are not the sole re- 
ward. In meeting these and other problems the work sciences have much 
to offer. 

They may be referred to thus, in the plural. But to treat them only 
às a collection of separate biological and social-science subjects would be 
educationally and professionally damaging. In no part of engineering 
education is an integrated approach more necessary. The intention O 
this chapter is to show not only what needs to be taught, but how the 
curriculum can bring together the available knowledge and lea 
towards, even if it cannot guarantee, a comprehension of all that We 
mean by the work environment. In the difficult social and economic 


conditions which lie ahead, this comprehension among engineers will be 
of crucial importance, 


DEVELOPMENT 


Improvements in the standard of living depend mainly on production 
potential. Efforts to promote growth are often based on a short-term 
approach which offers little scope for long-term planning. New sources 
of energy, new materials and new work processes are constantly appear 
ing, and largely replacing the old ones. The lines of development W? 
choose to follow must be based both on conditions as they are now a" 
on how we want them to be in the future. This big question is how n 
use available resources in the most expedient way. Human resources are 
the most valuable of all. " 

Anxieties over the work environment are by no means restricted t° 
countries with a high economic standard of living. The surge of industr 
alization is headlong all over the world. Famine and poverty are being 
fought with methods of production that are largely transmitted from as 
already highly industrialized countries, but which must be applied ie 
societies where the conditions differ in whole or in part from those where 
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these methods were gradually evolved. Besides, this process is proceed- 
ing at a pace which allows even less time for adjustment to the condi- 
tions under which individuals are supposed to live and work. 

In the developing countries by far the most urgent problem for many 
years will be to create as much employment as possible with a minimum 
of capital investment. While the present level of investment is boosting 
labour demand at an impressive rate, the new technologies are also 
increasing unemployment, particularly among the poorly educated. It is 
the young who are hardest hit by rising unemployment. Even those with 
a college education seem to be disappointed in their search for work, and 
many who have a good theoretical education but no practical experience 
have to compete for poorly paid jobs. This youthful but maladjusted élite 
can become a dangerous element in the political and ideological spheres. 

Programmes for achieving and maintaining a good standard of 
health among the working population, and for creating an acceptable 
workplace environment, must take into account the level of technologi- 
cal development of the country concerned. Courses in the work sciences 
also should reflect such levels of development, while taking into account 
the standards which may later be achieved and demanded by workers. 


Work sciences and the engineer 


THE INTERDISCIPLINARY CONCEPT 


Engineering is concerned with production and construction, and its aca- 
demic base lies in the natural sciences, technology, industrial organi- 
zation and economics. The workers in engineering are the subject of the 
behavioural and social sciences. The work sciences are intermediate bet- 
ween these two domains and are therefore inherently interdisciplinary. 

Here are some of their major ingredients (see also Fig. 1): 

Accidents and safety. These deal with accident causes, accident patterns, 
proneness, random chance, individual factors, technical factors, 
safety statistics, studies of incidents, legislation. 

Occupational medicine and occupational hygiene. These reflect the medi- 
cal impact of the environment. They draw on toxicology, physiology, 
ecology and technology. They study how humans are affected by 
chemical and physical factors and devise technical measures for 
analysing these factors and eliminating unwanted ones (ergonomic 
criteria). : 

Work physiology. This is based on anatomy and physiology. It deals with 
the relationship between the human body and its performance. It 
also studies how performance is affected by environmental factors 
like vibration or micro-climate at the place work. 

Technical psychology. This is based on applied psychology. It studies the 
practical design of technical systems. It adapts them to the way hu- 
man beings function. For example, control panels must be designed 
to match human perception. sensory and physiological reactions. 
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Human sciences Work sciences Production engineering 


Sociology Industrial Economics. 
sociology administration 


Psychology of 
the work place 


Applied 
technical 


Psychology Technical subjects 


psychology 


Work 
safety 


Occupational 
hygiene 
Biology Occupational 


Medicine medicine Work 


physiology 


Fig. 1. Work sciences bridge the 


Ar gaps between human sciences and production 
engineering. 


Psychology and the work-place. This deals with the relations between 
individuals and groups. The enterprise or place of work is regarde : 
as a system that must be continously updated to improve the psycho 
logical climate, focusing on the needs and wishes of the individu? 
human being. It is also Concerned with how conditions at the d 
place affect life outside the Work-place and vice versa. e 

Industrial sociology. This studies the way an enterprise is organized. po 
various functions are continuously analysed and modified. The 2! 
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is to maintain efficient production while increasing the satisfaction of 
the people who work there. Industrial sociology focuses on the needs 
of the enterprise as a technical and social system. 

Systems ergonomics. This seeks to develop methods for a broad analysis 
of the interaction between man, machine and environment. We re- 
turn to this point in the section ‘Work Sciences and the Environment’ 
below. 


The human worker 
BIOLOGICAL LIMITATIONS 


It can be said that man has to adapt himself to three different time 
scales: the biological, the technological and the social. A satisfactory 
simultaneous adjustment to these three chronologies is not always easy 
to accomplish. Population increase, urbanization and industrialization 
create problems which are highly diversified and vary with the level of 
technical development. 

Although man's life expectancy has increased, his basic biological 
characteristics have not changed appreciably since history began. His 
inborn performance capacity is believed to be the same as it was many 
thousands of years ago. Cellular change and individual reactions are also 
the same. The human brain is trained more today than before, but has 
roughly the same capacity. But because our chances of reaching a ripe 
old age are greater, many new problems arise, such as adapting to occu- 
pational and social change. 

These problems are intensified for the individual, because the com- 
mon chronological pattern for life functions is a continuous rise to a 
maximum which persists for a short period of time, after which a more 
or less slow decline commences. In modern industrial production, man's 
biological limitations are accentuated after only twenty to twenty-five 
years of his life. 


TECHNOLOGICAL CHANGES 


For thousands of years little technological progress was made. The tech- 
nological revolution came with the steam engine in the eighteenth cen- 
tury and with the breakthrough of electricity and the internal combus- 
tion engine in the nineteenth century. Now, in the atomic. plastics and 
Space age, it is scarcely possible any more to keep up with technological 
progress except by extreme specialization within increasingly narrow 
fields. Conditions are changing at a steadily accelerating rate, and tech- 
nological change is having deeper and deeper ramifications in most areas 
of our lives. Industrial processes increasingly require a young labour 
force, excluding the elderly and the handicapped. This trend must be 
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reversed in order to prevent even greater portions of the elderly and the 
handicapped from being excluded from productive work. 


SOCIAL CHANGES 


The social time-scale falls between the biological and the technological 
scales. Prior to the industrial revolution slightly more than 200 years e 
man lived in a static world in which the conditions of live were regarde. 
as being unchanging. The major social changes came in connection P 

the expansion of technology. Changes in society do not occur as rap! A 
as changes in technology. In the future, technological change will be 1 
decisive importance for economic and social conditions in the b 
New sources of energy, new materials and new processes will replat ar 
ones. The society, factory, farm and office of tomorrow will therefo! 


: ; : : in 
bear little resemblance to those of today. either in ways of working OF 
social attitudes to work. 


THE PURPOSE OF THE WORK SCIENCES 


Current research in the field of work sciences is concerned with integrat 
ing these three patterns of change — the biological, technological pa 
social — with all of the limitations and possibilities this entails. The Ee ar 
of the research is to describe and interpret the consequences of the ie 
demands and stresses imposed by the working environment on ed on 
dividual, and to attempt to meet the demands made by the individua 
his working environment. This is done by means of applied researc ialis 
also by drawing on the findings of research and experience 1n SES us 
fields. The aim is the synthesis which best serves industry, the indivi ing 
and society, and leads to a further and general increase in real liv 
standards. e 
Classical research in the field of work sciences was concern 

mainly with clinical aspects on treatment of accidents cause 
machines and various ways to prevent direct injuries on the job: ell. 
next phase concentrated on preventing occupational diseases as ren 
and eventually unnecessary physical deterioration. The third and a 
phase is aimed at creating optimal working conditions. In oF n e 
achieve this goal, the industrial environment must be viewed ID 1S a 
tirety and as a part of society as a whole. Problems such as the right m 
in the right place, job satisfaction and the interaction between on-thed 
and off-the-job factors then gain an entirely different dimension. 


HIERARCHY OF NEEDS 


t 
; , iffere® 
Social changes have a great impact on human needs. There are aig with 
theories concerning the structure of human needs and their change 
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time. A differentiation is made between primary inborn needs for such 
basic things as food. drink, sleep. sex, etc., and secondary acquired 
needs, such as needs arising from habits and social group affiliation-e.g. 
needs for alcohol and nicotine. In many cases, the hierarchy of needs 
described by Maslow provides a useful model. This model can be illus- 
trated in the form of a number of levels. We must first satisfy the lower 
need level before we can seriously become interested in the next level. 

Maslow ranks human needs in the following order of priority: 

l. Physiological needs. Those needs which must be satisfied first are 
those which concern physical survival, i.e. food, drink and shelter. As 
long as these basic needs cannot be satisfied, it is likely that the 
individual's main interest will be directed towards this level. Other 
levels are not as interesting. A need level which has already been 
satisfied, on the other hand, carries little motivation in the future. 

2. Security. When our basic physiological needs have been satisfied, our 
needs for security and safety come to the fore. Here we refer to 
freedom from fear of physical danger and from fear that our basic 
physiological needs will not be satisfied. 

3. Social affiliation. When our physiological needs and our need for 
security have been satisfied, our need for social affiliation and com- 
panionship becomes a dominant factor in the hierarchy of needs. As 
a social animal, man needs to feel an affinity with other human 
beings. At this level, the individual strives for meaningful relation- 
ships with other people. 

4. Esteem. When the need for social affiliation has been satisfied, the 
individual is no longer satisfied with being a member of the group — 
he also needs esteem, both self-esteem and the esteem of others. 
Many social problems can be seen to have their root in people's 
frustration in their attempt to satisfy these needs for esteem. 

5. Selfactualization. When this level has been satisfied, self-actual- 
ization becomes the dominant interest. Self-actualization means de- 
veloping one's innate capacities to their full potential; being all that 
one can be. 

The relationship between motivation and behaviour is complicated, but 

Maslow's simple model appears to agree well with reality. An in- 

dividual's social motivation and social needs are developed by constant 

interaction with other people. This interaction includes comparisons with 
other people. In the occupational sphere, it is necessary to take into 
consideration both the horizontal-need structure, which includes job de- 
mands on behalf of disadvantaged groups of people at a given point in 
time. and the vertical-need structure, which has to do with the change of 
needs with time, and the level of development of each occupational 
group concerned. Such comparisons are made both in order to establish 

priorities and to foresee the continuous change in levels of ambition, i.e. 

the increase of individual demands. However, these demands must be 
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considered in relation to the realistic possibilities of their being met. 
Different alternatives must be open to discussion. If such matters are not 
included in their education. engineers encounter considerable difficulties 
in their professional lives later on. 


THE HUMAN WORKER 


In order to approach an optimal interaction between individuals and a 
technological system, we must possess knowledge not only of the techno- 
logical system, but also (and, indeed, especially) knowledge of man him- 
self and his fundamental characteristics as a living organism. The living 
cell provides the necessary pre-conditions for reproduction, nutrient as- 
similation, metabolism, energy cycles, growth, excretion and sensitivity 
to stimulation. Knowledge of the skeletal system, joints, musculature. 
etc., is necessary in order to evaluate work-loads and patterns of move- 
ment. Metabolism is dependent upon the digestive organs, respiratory 
organs, excretory organs, circulatory organs, and the internal secretory 
apparatus. The nervous system with the sensory organs forms the basis 
for all learning and virtually all reactions. 3 

All of these organs function in a manner which can easily be dis- 
turbed. The locomotory apparatus, for example, is controlled by the 
nervous system. Certain internal secretory disorders cause characters 
changes in the locomotory apparatus, etc. An elementary knowledge © 
the mechanisms which determine the capabilities and limitations of the 
human body in different work situations is an absolute prerequisite for 
an understanding of the criteria which must later be dealt with in practi- 
cal situations. f 

As we saw from Maslow's model we can have different levels el 
ambition in our attempts at occupational adjustment. The primary jeye 
involves maintaining human safety and health. A higher level involves 
the satisfaction of various subjective human needs. 


Adapting work to the worker 
HAZARDS AND HAZARD ANALYSIS 


Workers may be exposed to ma 


š " l 
: ny different hazards. In convention 
treatments of this subj 


ect in engineering schools, a description of hazards 
is often limited to different types of accidents. injuries, etc., and the 
statistical distribution of such events among different industries and aC 
tivities. It is, however, important that the student also be familiar with 
how hazards are perceived and experienced, the psychology of error 
and the difference between voluntary and involuntary hazards. In many 
situations, people compound involuntary hazards with voluntary ons: 
in some cases, the latter are thousands of times greater than the former. 
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One must also differentiate between hazards which concern individuals 
and hazards which affect entire groups of people. 

In a hazard analysis, an attempt is made to establish the potential 
errors or malfunctions which can cause bodily injury or damage to 
machinery or equipment. The pathways between such events and the 
gravity and extent of possible outcomes must be traced. The probability 
of outcomes must also be established with as much certainty as possible. 
On the basis of hazard analysis, proposals are then made for reducing 
risks. This may be accomplished by reducing the chances of error or 
malfunction, or by limiting their consequences, or by a combination of 
both means. The automation of processes or parts of processes, the 
proper training of personnel etc. are among the ways of reducing 
this probability. Consequences can be limited by means of various 
safety arrangements or by locating dangerous operations in isolated 
places. : 

Hazard analysis should be carried out at the earliest stages of plant 
or construction design. This strategic approach is not only to limit the 
presence of hazards when the working environment is finally created. It 
is also a matter of saving money. Measures which might be carried out 
at the level of 5-10 per cent of overall cost in the early phases of design 
may require an expenditure of from 30 to 40 per cent if correction is to 
be carried out later. It is important to remember also that the analysis of 
hazards must cover those which may arise during construction and plant 
installation. This does not imply that analysis need be carried out in 
great detail. Its sophistication should be appropriate to the scale of the 
project. A modest investment of time and thought can provide an impor- 
tant general picture of the influential hazard situations and 
help to decide where and when more detailed studies may be needed. 

In a general hazard analysis, an attempt is made to list all character- 
istic hazards and describe them in quantitative terms. The following 
categories may be used: degree of deviation from the normal course of 
events; releasing factor; effects; and consequences. The hazard is de- 
scribed both by the probability of the event and by the consequences. A 
general analysis of a department may include the following: (a) depart- 
ment layout; (b) process and flow scheme; (c) work-places and produc- 
tion places; (d) control, supervision and safety equipment; (€) transpor- 
tation of materials and products; and (f) environmental conditions. On 
the basis of this overall picture hazards are identified and chances and 
consequences are quantified. Remedial steps may seek to reduce both 
chance and consequence; in some cases action may be directed at one 
or other. Recommendations may affect processes, flows and layout; pro- 
duction plant specifications and safety devices; work-place location and 
lighting: training; emergency services; inspection and reporting: notices 
and instructions. 
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SOCIAL CONTACTS 


People have the need for social contact, but also sometimes for privacy. 
Indeed, it has been said that willingness to engage is related to freedom 
to withdraw. Both needs, and the opportunity of choice between them 
should be reflected in the design and layout of work-places. ^ 
Work-benches, work-tables and machines can be placed opposite 
each other. Break areas should be provided near the work-place. The 
offices can also be located adjacent to the work-places. This latter aman 
gement facilitates contacts between employees on the shop floor an 


employees in the office, for example between managers and workshop 
supervisors. 


CO-OPERATION 


Workers’ tasks should be drawn up in such a way that co-operation 5 
easy where required, and encouraged where it is likely to enrich t 
social reward which workers obtain from their jobs. Team-working 
should often be encouraged and its introduction is related to the ques- 
tion of job enlargement dealt with below. 


MACHINE DEPENDENCE 


This arises where an individual is tied to his equipment so that he cannot 
leave his work-place. It appears to be more significant than automation: 
as such, in causing job dissatisfaction. Machine dependence can be P. 
duced by the introduction of buffer Stores (see below), which enant 
individuals to leave their work-places for short spells. Automati 
machine-feed from hoppers and the like also increase freedom of pon 
ment. In general, the smaller the manual part of the cycle time. t 
greater is the degree of freedom experienced by the worker. 


JOB ENLARGEMENT 


Jobs can be made more inte 
sub-tasks in addition to the ma 
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which are primarily suitable for integration in production are day-to-day 
maintenance and repairs of equipment and tools, lubrication. inspection 
of vital machine parts and wear, weekly services and cleaning. Examples 
of production-preparatory duties are setting-up and changing of tools 
and machines, adjustments, etc. 

If the production personnel are made responsible for moving ma- 
terials and products between and within small production units, buffer 
Stores can be inserted between different work operations. The fact that 
the production workers themselves manage the supply store results in 
smaller storage units, permits the use of joint work-place stores and 
improves the level of utilization and accessibility. If quality control is 
partially or completely turned over to the production personnel it be- 
comes easier to organize inspection operations and often possible to 
improve product quality. Job enlargement has frequently been achieved 
within the building industry by training workers in different occu- 
pational fields. Welders. for example, can often be trained for other 
metal-working tasks. In some countries and situations, however, trade 
unions may resist this. ; mom 

Jobs can be enlarged vertically by adding responsibilities and powers. 
Supervisors, production engineers and others can gradually be given 
more and more duties to perform. Work cycles can be extended by 
integrating sequential production operations or similar work duties. The 
Opportunities for this depend on the production technique which is 
chosen. Continuous supervision of an automated process is, for example, 
difficult to combine with job enlargement. By means of automation, 
monotonous or dirty jobs can be eliminated and better combinations of 
work duties can be created. Computers also can eliminate tedious rou- 
tine tasks, leaving human beings free for innovation and the use of 
Judgement. But the effect of automation and computers in reducing em- 
ployment is fast becoming a major issue in developed countries — an 
issue beyond the scope of this chapter. 


BREAKS, RESTING TIME AND SHIFT WORK 


The scheduling of breaks and rests is an important question. Many func- 
tions in the human body are adjusted to a rhythmic alternation between 
exertion and recovery, between work and rest. This applies, for example. 
to the muscles, and not least, to the heart. Frequent overtime work has 
been shown to reduce performance per hour and to increase absentee- 
ism due to illness and accidents. y ; 

The scientific literature contains a number of illuminating studies 
Concerning working hours, rests and breaks, and their influence on pro- 
duction. Energy requirements have been calculated for most types of 
Work which demand muscular exertion. The necessary length and fre- 
quency of breaks can be determined on the basis of the physical work- 
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load and its variations. The pace at which the job should be pode 
the demands which are made on concentration, psychomotor and 
energy load, sensory organs, etc., can also be determined. Increa es 
mechanization and automation and rising investments in end 
equipment increase the need for shift work. Certain manufacturing p d 
cesses — for example, within the chemical, paper, and steel industries ‘ 
cannot be interrupted without great difficulties, cost or delay. But a P d 
son's daily rhythm is dependent upon physiological and psychologica 
factors. It takes time to alter human habits. " 

Shift work is not suitable for people who cannot adapt hom 
satisfactorily to the changing shift schedule. A number of different p 
systems have been tested. A basic rule for all forms of shift work is t x 
night shifts should be followed by sufficiently long leave and that oppo 
tunities should be provided for undisturbed sleep. 


JOB EVALUATION 


Job evaluation is aimed at measuring the demands which are imposed 
by the job. There are different methods for measuring skills, p 
ance and other variables. Experience has shown that even imperfect J pe 
evaluation systems are better than none at all. Evaluating the amour e 
work involved in a job permits greater fairness in establishing Wa£ 


$ ; te 
differentials. The subject is probably outside the scope of undergradua 
courses. 


SYSTEMS ANALYSIS 


4 5 s à orts 
When human beings are incorporated in a technological system. effi 
shou 


s 
ld be made to provide for an organized variety of work Bue 
man beings interact with technical components in different ways. 


. . 1 i- 
the viewpoint of work Sciences it is often necessary to divide technolog 
cal development into different st 


i es O 
izati ages. A common example is stag 
mechanization. 
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sequences. Working posture, control devices, etc., determine his mode of 
working and he is locked in a time framework with little variation. Out- 
put is high and exceeds the individual's own capacity many times over. 
Organization, however, is still simple at this stage — for example, in the 
combination of man and forestry machine. 

The next stage is man/machine systems which contain more than 
one person working together in a complex manner. At this level of 
mechanization, the worker is once again liberated from his machine. The 
machine assumes many of the repetitive control and feed operations. 
The worker gains greater freedom in choosing his own pattern of move- 
ment and physical activities. However, higher demands are made on the 
person's sensory organs and alertness and on his ability to make quick 
judgements and independent decisions. 

Further development at this level leads to the individual being more 
bound to the machinery, but seldom having to interfere in the produc- 
tion process. Physical demands are low. Psychological demands are also 
relatively modest as far as the continuous work process is concerned, but 
higher demands are made on independent action when something unex- 
pected happens. The psychological requirements are a high level of 
alertness and preparedness and an ability to act quickly and correctly in 
abnormal situations. Individuals become more isolated and the emer- 
gence of difficult, unexpected situations can increase stress. 


Work sciences and the curriculum 


CURRICULAR PROBLEMS 


Elsewhere in this work the point is made that mere lists of knowledge 
provide the teacher only with a syllabus. To create a curriculum the 
selected blocks of knowledge must be translated into a profound edu- 
cational experience, having a lasting effect on the competence and atti- 
tudes of the student. : $ 

This brings the writer face-to-face with the risk of paradox. Among 
the goals we are seeking in the work sciences are improvements in job 
satisfaction; job enrichment; greater participation and involvement. But 
leachers and students many need these also, within the university. 
Clearly, we should not try to prescribe at arm's length, and in rigid and 
excessive detail, the work which teachers and students have to do in the 
Work sciences. We need to see the development of an effective curricu- 
lum as a process, itself a kind of learning experience. 

With this caution in mind let us raise a few questions. How much 
(described either in words of syllabus or in hours of study) should be 
called for in any particular stage of engineering education? 

Teaching takes the time of teachers and learning takes the time of 
Students. And in any period of change — here we are thinking of changes 
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in industrial processes and attitudes. changes in legislation, changes in 
colleges — teachers also have to spend time learning. Every administrator 
and curriculum planner in engineering education is conscious of a short- 
age of time. In dealing with the subject of this paper. therefore. we are 
involved in competition maybe even in conflict. We have to be ready to 
compromise, because every curriculum involves this. 

One area of compromise concerns the question of stages. Some mat- 
ters may appear essential at undergraduate level; others can be left, 
perhaps should be left, to graduate and specialist courses. The point here 
is that some things should not be missed because they are fundamental, 
and others will not fully be learnt until the student has some professiona 
experience. 

How can we arouse the motivation of students? Eagerness tO learn 
can of course be inherent — the result of natural curiosity and intel- 
lecutal excitement. There need be no shortage of either in dealing with 
the work sciences. But sometimes more may be needed. Most teac ers 
agree that, in the broader education of engineers, relevance is important. 
And it seems that relevance to other academic subjects is less influentia 
than relevance to the future professional role and the problems this WI 
entail. This presents a challenge to our ability as educators because. as 
E scientists, we see little value in coercion and threats of examination 

ailure. 

The last problem to be mentioned here concerns the recruitment of 
teachers. This is important because teachers — their values an atti 
tudes — are part of the educational experience, a part of the curriculum 
Is it better to have an engineer who has been properly trained in © 
work sciences (and can perhaps better establish relevance in the eyes 9 
students), or a specialist in the work sciences who can offer à greate" 
depth of knowledge and is more likely to be aware of (or involved in) 
ee research? There is no general answer to this question. t s 
qc boule Toup. 
shad pévognise A EN involved in interdisciplinary e ir vari" 

vantages and limitations inherent 1n the e 


oe and seek to compensate in whatever ways are ap 


CURRICULUM POLICY 


Here are some principles which. it is suggested. should underlie E 

teaching of the work Sciences in schools of engineering: uld 

In the competition for time, within the total curriculum, priority a of 
be given to knowledge and skill which are academic. in the son on 
being fundamental and requiring instruction in an aca en oust 
vironment. Matters which are largely practical can be learnt and 
practical experience or by independent studies from journ? 
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handbooks as the need arises. Such practical aspects are likely to 
change from year to year (with, for example, minor legislation and 
regulations) and should assume a lower priority during intensive and 
expensive formal education. 

Saving time should not always mean simply cutting out this or that 
subject. The emphasis should be on economizing. This can be 
achieved by improving the speed of learning through motivation and 
effective teaching and also by the multiple use of time — learning 
from two or more subjects simultaneously. 

Each matter should be studied to a depth which is appropriate to its 
professional importance, having regard to the engineering speciality 
being studied by the student. The following categories are sometimes 
used: (a) appreciation level — general awareness of a knowledge area 
and its importance, and the identification of specialists whose pro- 
fessional assistance may be required; (b) working level — the attain- 
ment of a competence which enables the graduate to use the know- 
ledge and skills directly, in meeting his or her normal professional 
responsibilities; and (c) research level — a high level of expertise, 
sufficient for the extension of knowledge and the development of 
technique. In the undergraduate education of engineers we are con- 
cerned with the first two of these levels. 

Nothing should be taught which is not subsequently exercised by 
students, preferably in the analysis and solving of relevant problems 


within the total curriculum. 


CURRICULUM ELEMENTS 


The work sciences sections in the first year can include lectures, labora- 
tories, seminars and study visits, with the emphasis on the fundamentals. 

In the second year. various applications can be integrated in the cour- 
ses — for example criteria for comparisons between technical efficiency 
requirements, economic considerations and human factors. In the fourth 
year. many opportunities are provided for the students to integrate what 
they have learned about business and organization. theory, industrial 
Psychology and work supervision. with the emphasis on applications. 
These applications should be based on the manner in which individuals 


And groups function in industrial contexts. j 
Below are some examples and suggestions which are also summarized 


in Table 1. 


Ergonomics (see Fig. 2). In its practical application ergonomics relates to 
two main areas: (a) the adjustment of man to work and the work en- 
vironment with the aid of vocational counselling, education and training, 

p of work adjustment and different 


Suitable job placement, follow-up oi W i 
easar of Fabilitation and rehabilitation; and (b) technical and or- 
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TABLE 1. Examples of practical applications 


Field of engineering Applications 


Mechanical and production 


Production process design; Systems theory of work sciences 


Machine design 
Design related to body posture, 
muscular strength 
and body movements 
Materials and machinery Ventilation criteria, thermal control 


Light electrical 

Design of electrical systems 
and equipment 

Electrical measurement 


Use of ergonomic criteria 


Measurement of physical and 
environmental factors E 
Electrical engineering Radiation hazards, electroacoustics, 


control systems 


Heavy Electrical 

High-voltage engineering Safety in high-voltage installations 

Industrial power-supply systems Design and protection of industrial 
power-supply systems 

Interplay between human and 
technical factors 


Control engineering 


Chemical 


Inorganic and organic chemistry Toxicity, hazards and control 


of chemicals 
Permissible levels and measurement 
of hazardous substances X 
Permissible limits for both working 
and external environment tion 
Control measures, design and selec 
of process equipment 


Analytical 


Chemical engineering 


ganizational adjustment of work and the work environment to he” 
needs capabilities and limitations. 


Mechanical and production engineering. Mechanical engineers requi 
basic education (which may well be provided in common with lon 
curricula) in biology, Occupational physiology and psychology during alt 
first two years. Industrial ergonomy, on the other hand, should be nd: 
with in the fourth year, when the students have a better backgro al 
Industrial applied psychology and work supervision, as well as indus The 
and environmental hygiene, can also be treated in the fourth yea! 
rehabilitation of physically handicapped persons and the prob e 
young and old workers should be examined. 


s of 
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Human sciences Work sciences Production engineering 


Industrial Economics 


Sociology sociology Administration 
Psychology of 
the work place 
Technical Pura 
Psychology psychology subjects 


ERGONOMICS 


Occupational 
medicine 


Biology 
Medicine 


Fig. 2. Ergonomics deals with technical applications 


The industrial and environmental hygiene section in the fourth year 
should deal with general principles for achieving and maintaining en- 
Vironmental and working conditions which are optimal for the in- 
dividual, taking into account the various limitations of the individual. 
This should include comparative hazard analyses and a critical evalu- 
ation of threshold limit values. The industrial hygiene exposure diag- 
nosis should include an analysis and evaluation of the environmental 
hazards of chemical agents. physical agents and ionizing and non-ioniz- 
ing radiations. Further sections should deal with preventive and protec- 
tive measures, industrial ventilation, dust collection and gas cleaning, the 
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treatment and storage of waste, the use of personal protective equip- 
ment, etc. Special emphasis should be laid on emission and immission 
control. 


Electronic and electrical engineering. The education of electrical en- 
gineers should include sections which deal with safety in the design of 
electrical systems and equipment. The psychological aspects of, for 
example, computerization and mechanization should be treated. Appli- 
cations of particular importance for electrical engineers are ergonomic 
demands on lighting and illumination, acoustics (particularly noise). 
electrical safety, information transfer and information processing. as well 
as particular applications within medical technology. The electrical en- 
gineer’s job includes equipment and system design. Occupational medi- 
cine sections or related applied subjects should primarily be dealt with 
by the regular instructor, but further treatment should, where necessary: 
be provided by special lectures. 


Electrical measurement. This can include measurement of physical and 
environmental factors, earthing, shielding of measuring systems. safety 
standards, etc. Electrical engineering should cover the effects of electro- 
magnetic radiation on human beings, the planning of electrical systems 
safety regulations, working environment problems within energy Pro 
duction, radiation protection, electro-acoustics, hearing damage. ete 
High-voltage engineering should deal with safety demands on high-vol- 
tage installations, the design and protection of industrial power-supp^ 
systems, etc. Instrumentation engineering should include the measure 
ment of working environment factors, etc. In control engineering. t° 


emphasis is on the system and the interplay between technical and hu- 
man factors. 


Chemical engineering. Learning in inorganic chemistry should include 
regulations for chemical laboratories, the toxicity and hazards of ino" 
ganic chemicals, threshold limit values, the handling, marking and stor" 
age of inorganic chemicals, measures to be taken in the event of 2” 
accident. etc. Analytical chemistry can include a survey of measurement 
methods for determining levels of hazardous substances in the working 
and external environment, with a special emphasis on instrument 
methods. Sampling methods can be illustrated in practical laboratory 
sessions. Organic chemistry should include safety regulations governing 
work with organic chemicals, thereshold limit values. the medical effects 
of organic chemicals, special environmental aspects with respect to CF 
ganic chemicals such as chlorinated hydrocarbons, methods to detect th 
presence of hazardous organic chemicals in the working and biologic? 
environments, ecology and pollution-control technology. 


Work sciences and the engineer 37 


Applied chemical engineering. This should cover control measures aimed 
at eliminating gaseous and particulate air pollution, and also equipment 
design aimed at preventing the discharge of harmful substances. 
Students should be taught and encouraged to use work-sciences criteria 
in the design and selection of process equipment with the aim of reduc- 
ing or eliminating medical hazards. Process chemistry should include the 
selection of processes, alternative solutions, cost-benefit analysis, etc., 
from the viewpoint of work sciences. In chemical technology, the design 
sections especially should integrate the labour science and ecology sec- 
tions. In surface-coatings chemistry, the occupational and environmental 
hygiene aspects of the handling of paints and varnishes should be cov- 
ered. In polymer technology. the production and handling of monomers 
and polymers in plastics and rubber processing should be considered 
from the viewpoint of occupational medicine and industrial hygiene. 


Construction (architecture, civil engineering and building). The first year 
should include some treatment of working-environment questions in 
connection with the psychology of perception, in relation to design and 


planning methods. . : ; 
Second-year instruction can include extensive treatment of working- 
environment questions, particularly in connection with design projects, 
such as for small industrial plants. Various environmental applications 
involving ergonomic, medical and organizational matters can be inte- 
grated with technical and design subjects. ee ' 
In the third year, various environmental questions should be inte- 
Brated in building-function analysis. bae. npe eap problems 
within special types of buildings. ¢.8- automotive 22 E Tope 
paper printing works. woodworking shops. hospitals, etc., can be de- 
Scribed. 


In the fourth year. the emphasis should be placed on design projects 


involving the planning of large-scale or complex P peus EM he 
working-environment sections are co-ordinated an po | in the 
Context of design methods in town planning. p study q forms, 
mechanical equipment, building construction, etc. Various pedagogical 
approaches can be utilized simultaneously : es bep oe, 
visits, drawing and critical analysis. Besides the ie p of buildings, 
facilities and areas, ways of taking into consideration i sheer 
Wishes of employees in connection with the planning of industrial plants 


must also be discussed. 


DEPTH OF STUDY 

hat the various curriculum elements referred 
depth of investigation which varies from one 
In some contexts the student needs 


It has already been noted t 
lo in this chapter require à 
*ngineering specialism to another. 
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only a general appreciation of what may be involved and what sai seni 
expertise can be drawn on if necessary. In other contexts the studen 
needs more than this. He or she must be able to apply skills directly as 
part of the professional function. " 

In Table 2 this distinction has been applied using the terms ‘apprec! 
ation level’ and ‘working level’. Hours of student time have been ae 
gested only to give an order of magnitude. It is recognized that loca 
conditions — types of industry, health and safety, regulations and tra- 


= 7 : METTE 
ditional working practice — may mean that more or less attention IS T 
quired. 


A CASE-STUDY 


, . : a 
It seems appropriate to end this chapter with an example of sod: 
case-study can be used in education concerning the work environment: 


" i n in 
Table 2. A framework of curriculum for undergraduate programmes in engineer 6 
elements! 


2 : 
3 i 
i2 $ EE] 
Subj Bee ES ao en 5 FE 
ject areas ERR: ER: m- E 22 
‘= 29 B5 
WL 
AL? WL? AL WL AL WL AL WL AL 
Accidents 10-20 
and safety 5-10 5-10 5-10 5-10 5-10 10-15 5-10 10-20 5-10 
Occupational 
Medicine and 
industrial 10-20 
hygiene 5-10 10-15 5-10 5-10 5-10 10-15 5-10 10-20 5-10 5-10 
Work physiology 5-10 10-15 5-10 5-10 5-10 10-20 5-10 10-15 5-10 
Technical 


5-10 
psychology — 5-10 5-10 5-10 10-20 s 
Psychology and 

the work-place 5-10 10-15 5.10 10-15 
Industrial 


sociology 5-10 5-10 


5-10 10-15 10-15 5-10 
10-15 
10-15 5-10 5-10 10-15 10-15 


9-15 
5-I0 5-10 10-15 5-10 10-15 5-10 10-15 ! 


T De in eae! 
„The figures indicate the minimum-maximum hours of study expected of students i with 
subject area and each type of programme. The figures cover both hours of contac 
teachers and time spent in laboratories, 


spe visits, library and projects. 
AL denotes appreciation level; WL denotes working devel. ppt 


pr 
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The example chosen is only one of many cases which are already being 
used, successfully and otherwise. in a wide variety of courses on the work 
environment. It is not suggested that the case approaches perfection or 
that the way in which it is used leaves no room for improvement. The 
reason for using a single example from only one of the many subjects in 
the field is that only by considering in depth the procedure which can be 
followed, and the learning which can be achieved by students, will read- 
ers be able to appreciate the special contribution which case-studies can 
make. They may also be inspired to reconsider the ways in which they 
already use cases of one kind and another, and to write case-studies of 
their own. For detailed guidance on this and for up-to-date information 
on engineering cases (many of which involve certain aspects of the work 
environment) an approach should be made to the Engineering Case 
Library of the American Society for Engineering Education. The papers 
by Kardos, Smith et al. can be obtained from the same source (Kardos 
and Smith, 1979). . ! g 
Why should case studies be used and what are their special merits? 
l. They build up and revive motivation and help students to see mean- 
ing and purpose in studies which may otherwise appear mainly 


theoretical. . z 2 scm 
2. They help to integrate and assimilate information before it is forgot- 
in the real world. 


ten, and prepare it for use 1 i . 
3. They help to foster investigatory skills and the development of in- 
sight. both of which may otherwise be acquired only in the types of 


situations which case-studies depict. = 
4. By placing students in the position of people confronted with live 


problems, uncertainty and sometimes risk, they show how it is poss- 
ible to learn from a situation more than can be learned from a 


lecture. 
The last point poses a further q 
ence itself? To answer this we n 
all education is about saving. It 


uestion. Why not rely on direct experi- 
eed to appreciate the general point that 
saves time by accelerating learning. It 
saves resources by concentrating the efforts of those who are qualified to 
teach. And it saves people from the consequences of ignorance and 
trial-and-error, In our field of studies. for example, the aim is to save 
People from injuries, ill-health, and Kino. in industry. We cannot 
wait for learning-by-chance, and we cannot affort 1t ey aah 

The second reason for not relying on so-called ‘practical experience 
lies in the state of the art. To benefit from experience the learner often 
Must rely on the insights and interpretation of someone who knows 
more than he or she does. The work environment is a relatively new 
field, even if it does draw on established academic subjects, and it is only 
where people with the latest knowledge and technique have been 
brought together for education and research, that the learner can expect 
the interpretation on which learning-from-experience largely depends. 
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A case-study is not simply a piece of micro-history. to be transferred 
from the memory of the author to the notebook of the student. All too 
often one hears of students being sent off to ‘read’ a case-study or. worse 
still, of a teacher ‘delivering’ a case as a lecture. Cases are not to be read 
or delivered or lectured or even merely discussed. Cases should be ex- 
perienced —as puzzles, angry arguments, frantic searches. long silences. 
stumbled tentative suggestions, perhaps even a gasp of surprise. Their 
success is proportional to the silence of the teacher, once the problem has 
first been posed. 

It follows then that the value of case-studies depends more on the 
skill of the teacher in devising and presenting the case. than it does Of 
the choice of the subject. In the example which follows the intention 1S 
to show how a case may be staged: how it may be used to reveal to 
students the twists and turns, the unexpectedness. of situations confront: 
ing those responsible for improving the work environment: and how ? 
rich educational experience may be generated by a single episode. 


THE ARM-REST CASE 


The case was devised and written, and is regularly used. by Dr ep 
Else, Senior Lecturer in the Department of Safety and Hygiene at a 


University of Aston in Birmingham (United Kingdom). The Departmen! 
Head is Professor Richard Booth. 


. It is used in a six-month graduate diploma course for government 
inspectors and industrial health and safety advisers; in the undergrad: 
ate programme in safety and health; and in the complementary studi 
course taken by engineering undergraduates. Although the differences f 
level and prior experience of these groups of students may be reflecte 
in the presentation of the case. and also in the penetration on 
students achieve. the basic structure and approach appears general 
valid. 

, The case usually occupies about four hours and appears. n n 
diploma course, towards the end of a module on environmental cont? i 
This covers noise control. control of airborne contaminants. lighting: s 


the thermal environment. The Objectives and content of the airb, 
mr part of the module are described in the App“ 


"M ex n i of 
While the case seems initially to pose a problem in the desi she 
extract ventilation, it turns out to have wider implications and tesi 
imagination and creativity of students in ways which they generally 
not expect. This feature is referred to again. below f nd 
: i . ` a 
It is important to know that students in both the undergraduate a ‘a 


diploma courses have early instruction and practice in the skills ju- 
small-group discussion and in the oral presentation of ideas and jen as 
sions to large groups (video recordings are made and commente zi 
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part of this training). There is of course no need to justify this investment 
of time and effort. which is reflected in the performance of students in 
the case-study and. no doubt, in their subsequent careers. 


Statement of the problem 


The company is a supplier of components lo the motor industry. It 
manufactures a large range of polyurethane-filled vinyl components for 
the interiors of cars. The particular problem with which it approached 
the investigator concerned the manufacture of polyurethane-filled arm- 
rests for a saloon car (i.e. the soft cushion arm-rest fixed to driver and 
passenger doors). The processs can best be described by reference to the 
plan view of the work-place in Figure 3. Six people work along the 
bench beside the conveyor track. Another person operates the poly- 
urethane foam-injecting machine at the end of the bench. The hygiene 
problem relates only to the operators at the bench beside the track, and 
therefore the jobs of other people in the work-place are not described. 

The operators are engaged in removing the completed arm-rests from 
moulding blocks and replacing them with the arm-rest covers ready to 
be filled with polyurethane foam. They therefore have to pull a mould 
from the track on to the work-bench in front of them, release the locks 
on the moulding block and take out the completed arm-rest. They then 
have to spray the moulding block with a mould-release agent, and simi- 
larly spray an arm-rest cover before placing it in the moulding block, 
which is then locked an pushed back on to the conveyor track. The 
mould then travels down the conveyor to the position where the poly- 
urethane-foam injector operator fills it with polyurethane foam. The 
mould then travels on through the curing tunnel, which is merely a 


heated and ventilated canopy over the conveyor. - . 
The filled arm-rests are placed on shelves standing behind the opera- 


lors and subsequently removed by other employees. The same shelves 
hold the supply of covers. ready for spraying and insertion in the 
moulds. 

For several months. 
noticed that the operators b 


before the investigator was contacted, it was 

eside the bench became rather drowsy by the 
: : : hat this drowsiness was prob- 

end of t ing shifts. It was thought t ie 

ably ide uer effects of exposure to the materials in the aerosol 


cans which were being used for spraying mould-release agent on to the 
Covers and into the mould blocks, before the covers were placed inside 


the moulds. 


How the case-study is organized 


back sessions take place in a lecture theatre and 


The briefings a t i i 
€ briefings and repor h small rooms in which to work in groups of 


students are provided wit 


iue]d uononpoud isar-uue Jo uv|d € SJ 
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between four and six students. The case-study is handled in the follow- 
ing stages. 


l. 


The first fifteen minutes spent in the lecture theatre are used to out- 
line the problem. as described above. and extensive use is made of 
slides taken in the factory. Arm-rest covers, polyurethane-foam- 
filled arm-rests and the aerosol spray cans are available for the 
students to study. 
The students are then sent away in their syndicate groups to *brain- 
storm’, using knowledge from earlier parts of the course, to suggest 
e risks associated with the exposure to the 


techniques for assessing th S j 
aerosols. They are given fifteen minutes for this part of the case- 


study. 


The whole class then meets again in the lecture room and one syndi- 


cate group, selected at random, is asked to present its initial sugges- 
tions. The other syndicate groups are asked whether they have any 


additional information to contribute. This session, which takes ano- 


ther fifteen minutes, ends with 
ing the techiques that were actu 


his assessment of the problem. . 
Since the measurements indicated that a problem probably existed. 


the students are then asked to work in their syndicate groups again 
and to tackle the problem of controlling the exposure to the contami- 
nants, At any time during the case-study they can ask the teacher for 
additional information or return to the lecture theatre to see again 
the slides showing the factory and its work environment. Each syndi- 
cate group is given a flip-chart on which to summarize its conclu- 


sions. . 
All syndicate groups then come together for the report-back session. 
: vaio s sent their findings (with the aid 


Two of the groups are asked to pre f i 
of their fip-chart summaries) The other syndicate groups then dis- 


play their summaries and if necessary criticize the attempts of the 
first two syndicate groups. The case-study presenter finally adds any 
practical shortcomings of constraints not adequately covered by the 
syndicate groups in their reporting back. This genie usually takes 
approximately thirty minutes. It may happen that a group proposes 
a solution which merits a long discussion; more time will then be 


required. 


The presenter then describes à venti | . 
prepared by outside ventilation contractors. In essence this design 


: ing along under the bench surface with a grid 
dt pons ie per ein wtih the mould or arm-rest cover would 
be held during spraying with the release agent. At the end of the 
bench the duct would rise vertically to a fan housing and vent at roof 
level. (The fundamental fault in this design is that the air velocity at 
the height of the job above the grid would be insufficient to capture 


the presenter of the case-study outlin- 
ally employed by the investigator in 


lation system design which was 


44 The environment in engineering education 


the surplus spray. It could not be made sufficient without discomfort 
and other problems. Another fault is that one or other of the opera- 
tors occasionally moves her work near to a neighbouring work 
station, so that she can converse with her neighbour. Observant 
students can pick this up from the slides.) 

These faults are not, of course, mentioned. The syndicate groups 
are given copies of the design and are asked to present on the flip- 
charts their appraisals of the proposed system. They have about 
twenty minutes for this. , 

7. During the next session one syndicate group presents its reasoning 
with comments from the other syndicate groups. The teacher dis- 
cusses in detail the inadequacies of the ventilation contractor $ gs» 
sign. by drawing on calculations that were made and the results of an 
experiment in which a ‘mock-up’ of the contractor's design was tem- 
porarily installed as a demonstration. — 

8. Finally, the teacher describes the solution arrived at in practice. an 
relates this to the various suggestions made by the syndicate group: 
and to the general framework for controlling airborne contaminan’ 
offered in earlier lectures. 


The outcome in the case 


i " w 
During the final stages of the case-study the teacher is able to show E 
the solution exemplifies a previously discussed approach to control © 


j : : : je 
airborne contaminants-the hierarchy for control of airborne contam 
nants: 


|. Substitution 
l.l. material 
1.2. process 


2. Segregation 
3. Ventilation 
3.1. receptor systems 
3.2. captor systems 
3.3. low-volume high-velocity systems 
34. dilution ventilation systems 
4. Pesonal protection equipment 


This model is discussed earlier in the course and one effect of the qui 
study is to demonstrate to students how useful it is. It is part © d 
teaching strategy that the class is not reminded of it at the beginning. 
the case-study. The temptation is for students to jump too quickly tO tor 
idea that the problem was simply one of designing a captor or fece 
ventilation system. And yet. as the real-life solution shows. both SU” 
tution and segregation had a part to play. 


A so” 
It is interesting to note that the idea which led to the eventual — 
lution came from a trade-union representative who had personal 
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ledge of the process and was aware of facilities available within the 
plant. This in itself raises a question of direct experience versus expertise. 

The company had tried a number of approaches to control the prob- 
lem. They were not in a position to invest heavily in automation. They 
had tried painting the mould-release agent rather than spraying it. They 
had tried using different types of mould-release agents. But they seemed 
to be thwarted in all their attempts by the problem of achieving ade- 
quate mould-release-agent coverage in the two deep recesses on the 
arm-rest cover. (They could not use a dipping system because this re- 
sulted in separation of polyurethane foam from the arm-rest cover.) 

It was the trade-union representative who realized that there was no 
need for the arm-rest to be sprayed beside the track. She also realized 
that the company had a spray booth that was not being used at another 


part of the plant. It was therefore possible to change the way in which 


the work was organized as follows: 
L The arm-rest covers were sprayed with mould-release agent in a 


spray booth, in a separate operation. This enabled the agent to be 
applied from a spray gun which provided a cost-saving as compared 
with the use of aerosol cans. Each operator in turn took a batch of 
‘her’ arm-rest covers to the booth, to spray them. (Segregation.) 

2. The coating of the moulding block itself with mould-release agent 
was done by paint-brush. (Substitution of process.) ; 

3. The mould-release agent applied to the moulding block did not have 
to be very powerful and therefore the chlorinated-hydrocarbon- 
based aerosol mould-release was replaced with a less harmful water- 
based mould-release agent ‘soap’. (Substitution of material.) 


LATERAL LEARNING 


-study encourages the student to utilize 
nd courses and from prior experience. 


But knowledge can move laterally outwards as well as inwards; from the 
particular to the general. Conclusions. implications and repercussions 
can emerge from a case-study to widen the understanding and sensitivity 
of students and their ability to approach situations of many Rem A few 
examples taken from the arm-rest case will help to illustrate this point. 

The manufacturers of car components. at least in the United King- 
dom. are often small companies. They operate in a competitive market 
And changes in car design or even changes in car models can put them 
out of business almost overnight. In fact, the production line in the 
case-study was closed down soon after the reported M -— 

There are several reasons here why such a company should be E 
tant about capital investment. in health and safety — or e er 
Matters. A low-cost solution will always be preferred, an ep inte 
which can be tried out cheaply. before a large sum is spent, will always 


As already observed. a case 
knowledge from earlier classes à 
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appeal to common sense. Regardless of final merit the minor Marsan 
zation and substitution which was adopted, was pragmatically preferable 
to the construction of an extract system which might not work. This 
financial caution is not, incidentally, an example of conflict between 
workers and employers. The trade union did not wish to see its ae 
become unemployed due to the company being overloaded with addi- 
tional capital costs. The solution came, it should be noted, from a sug- 
gestion by a trade-union official. " 
Then there is a point about satisfaction. The union wants to satisfy 
its members. The employer wants to satisfy the union. There is à € 
in the case-study at which students might recognize that the propose 
extraction system would not work and yet be unable to devise a p 
which would work. They might put themselves in the position of t 
employers (and maybe of the union officials) and say (in effect): 


All right then. There is no objective solution to this problem. The choice 5 
between sleepiness due to some unknown and perhaps unimportant toxication, 
and unemployment. If the ducting is installed and makes plenty of pei 
noise, the workers will be much happier. Both the employers and the union W 
be seen to have done something. 


This line of argument. thrown back to the class by the teacher as ge 
as it is offered. can lead to a heated discussion of immense value. Th 
so-called Hawthorne effect can be referred to if necessary. he 
As a final illustration of lateral learning there is the point about € 
hierarchy model. The students often assume (for various reasons) tha 
the problem is one of extraction-system design, but it is not. Only a 
taking one step back from the situation and applying a more gener 
approach to the essential problem, can the safety-and-health adviser m 
the truly creative solution. The wise teacher will not say this himsel es 
any stage, except perhaps when the case-study is completed. If it pw] 
from the students, as their own discovery, it will be fully assimilate^ 


APPENDIX TO CASE-STUDY 


University of Aston in Birmingham, Department of Safety and Hygiene 
Objectives for the control of airborne contaminants part of the environment? 
control module 
At the completion of the course the student should be able to: jate 
|. In the case of a previously uncontrolled process: (a) select an appropri in 
ventilation system; (b) outline key factors that should be incorporate‘ in- 
the design of the system; (c) advise on commissioning, maintenance: f m- 
ing and record-keeping; and (d) advise on requirements for initial pet ER 
ance tests and routine ventilation checks. tir 
In the case of existing ventilation Systems: (a) decide whether the VET, 
lation system is suitable for control of a particular danger and is functio? 
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adequately; (b) suggest improvements to the ventilation system or an alter- 
native if the system is inappropriate; (c) decide the adequacy of routine 
ventilation testing and maintenance and whether the organization relating 
to the use of the system is satisfactory; and (d) suggest improvements for 
organization, maintenance, routine testing and training. 


Topics 

Control of airborne contaminants. Hierarchy of control techniques, substitution, 
segregation, total enclosure, partial enclosure. 

Receptors, captors and low-volume high-velocity. Theory of point sinks, contrast 
between blowing and exhausting, capture velocity and factors governing 
capture velocity for different substances and different extract situations, 
advantages and disadvantages of receptor hoods, captor hoods, and low- 
volume high-velocity. 

Dilution ventilation. Design princip 
vantages. 

System design. Energy 
ure, velocity pressure, to 


les, dilution factor, advantages and disad- 


losses and conversions in ventilation systems, static press- 

tal pressure, hood entry losses, key factors govern- 
ing resistance of ventilation duct systems, system resistance, selection of 
transport velocity, selection of appropriate filtration method, selection of 
fan type size and speed on basis of characteristics and system resistance, 
consequences of incorrect fan selection, designing balanced multi-branch 
systems, consequences of installing incorrectly designed systems or breaking 
into correctly designed systems. m E 

Ventilation monitoring instrumentation. Qualitative and quantitative methods, 
swing-vane velocimeters, thermistor anemometer, pitot tube, inclined 


manometer, smoke tubes and dust lamp. . . : 
Legal requirements for ventilation. Comparison of requirements set in specific 
technical terms and requirements based on objectives, historical develop- 


ment of legal requirements, record-keeping, maintenance and training. 

Ventilation practicals. Practical tuition in the use of instruments. Assessment of 
the adequacy of the following: fume cupboard, portable welding fume con- 
trol unit, dilution ventilation system. EN 

C ommissioning, monitoring and testing of extract ventilation systems. The role of 

environmental sampling, use of codes of practice and other standards, hood 

Static pressure, information that should be sought at commission, frequency 

of visual and performance checks. Process and environment changes. 


Reference 
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Appropriate technology 
in engineering education 


A report based on a seminar convened by the Intermediate 
Technology Development Group. London 


David Brancher 


Introduction 


ming in appropriate technology could 


have been commissioned from a single author or maybe a pair of 
authors. This seemed inappropriate. however. for at least two reasons. 
The debate about appropriate technology is one which now spans the 
world. engaging both developing and developed countries and concern- 
ing engineering education in many specialisms and at several levels. Its 
proponents would be the first to say that there are no all-embracing 
‘experts’ in the educational aspects of appropriate technology. The scope 
is too wide and the implications are too profound. 

The second reason for preferring a collaborative approach is that 
appropriate technology is essentially the movement of attitudes and the 
re-examination of values, in engineering and in engineering education. 
When it takes full effect it will do so as a new consensus. What is im- 
portant at this stage is not the tabulation of scientific or para-scientific prin- 
ciples (if, indeed, such exist) but the shape and quality of the consensus. 

For this reason it was decided to approach the subject through a 
series of discussions involving a group of engineering educators and 
Practitioners, For reasons of economy the participants were invited from 


withi ited Kingdom. The meetings were convened 
snc gh poi : Group Ltd (ITDG). a non- 


by Intermediate Technology Development t i 
Profit organization aid 1965 by a group of engineers. economists, 
Scientists and others from the professions to provide practical and self- 
help techniques for developing countries. Through its subsidiary AT for 
UK, ITDG is now concerned also with by ^o. of appropriate 
technologi ies like the United Kinggom. 

No diam eee em the experience and insight brought to bear by 
the participants is comprehensive and conclusive. It is, however, worth 
Mentioning that the members of the group have. between iem prac- 
Used engineering in thirty-seven countries and taught it in twenty-four. 


This chapter, on teaching and lea 


i ineeri ion 
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All but seven of these countries are at an early or intermediate stage of 
development. The names of the participants are listed below. m 
clusion of any name does not necessarily signify that the indivi so 
agrees with every contention in the report. Final responsibility rests W! 
the editor. T 
Appended to the report are brief descriptions of some current s 
ricular developments in appropriate technology in undergraduate A 
gineering courses and programmes. a bibliography. and a list of releva 
centres and journals. , ape 
Appropriate technology is not a concept which can easily be v 
proached in a linear fashion and the wide-ranging nature of the T 
cussions created problems when the report was first drafted. Eventuais 
it was decided that a question-and-answer format, dealing with cad 2 
the uncertainties frequently expressed by teachers and academic * 
ministrators, would be the most reasonable- and appropriate. 


Discussion: questions and answers about appropriate technology 


What is appropriate technology? Does its definition tend to distinguish 
it from ‘engineering’? 

" ye 
First, we should make it clear that there are no technologies whieh a 
can assume to be universally appropriate (although there are s is 4 
Which may be universally inappropriate). Judging appropriateness o. 
matter of applying certain criteria. Definitions of appropriate techno * pi 


E Air stual- 
can be of two types. The first type attempts to be objective and fac 
For example: 


: ds 
Technology which is appropriate to the context of its application; which P to 
to respect its environment (in the comprehensive or systems sense) an? yd (o 
change it except as specifically required; which is selected without re£? 
external prestige or scientific status. 


The second type of definition is subjective is pa 
to encapsulate because a debate about the meaning of technology > r t 
of the concept. It sees appropriate technology as a social movem- 

international and essentially humanitarian. towards technologies V ical 


can meet fundamental needs and aspirations at low social and pet ed 
cost and through an indefinite future. The criteria in Table l. 2€ ys. 
from Nelson and Yudelson. see 


m to represent the general conse of 

Perhaps the way to resolve the problem of reconciling a definitio., o 
appropriate technology with the concept of technology in general. 1s ie 
seize on the word ‘engineering’. Of course. technologies can be appre " 
ate or Inappropriate in a particular context. But engineering äs a gies 
fession. as an activity described by one of its oldest professiona ? 
as being ‘for the use and convenience of Man’. can only be c? 


„cult 
and tendentious. and diffi t 


nce? 
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Appropriate 


Inappropriate 


Ecological factors 


Does not release pollutants/poisons to 
environment 

Protects existing natural habitat 

Restores viability of ecosystems 

Recycles organic nutrients/creates topsoil 

Produces food 

Conserves renewable resources so that renewal 
can continue 

Conserves nonrenewable resources 

Promotes use of renewable energy sources 

Promotes use of recycled materials 

Reduces transportation dependence 


Economic factors 


Long life 

Promotes small-scale production, local 
ownership and control 

Promotes meaningful work 


Labour/skill-intensive 


Social/political/cultural factors 


Promotes social flexibility/adaptability 

Promotes self-reliance and community 
co-operation 

Understandable/usable at community level 

Creates/maintains natural beauty 


Adopted from L. Nelson and J. Yudelson. Criteria for A 


9f State Governor, 1976. 


With appropriate technology. If engineer 
ligent. If they ^ l 
ney do not care what is appropriate they 


tatus. Appropriate technology. then, im- 


inappropriate, they are neg 
ate they are ignorant. And if th 
lose all claim to professional s 
Plies no more and no less than 


ing and the better solution of engineering 
Own right and not only because 0 


Somethi t be added to 
A ge a are or should b 


tion. Rich countries have in the past 
blic policy. industrial development, 


for example- an 


Changing fast, where engineers 


UBI the key skills lie in anticipa 
een able to make mistakes-in P 


and the exploitation of resources tOr. 
had to conside 
ntries mus 


Countries, however. have 


ut now, and increasingly. all cou 


a return to t 


Pollutes/poisons environment 


Destroys natural habitat 

Destroys viability of ecosystems 

Wastes nutrients and destroys topsoil 
Destroys food production (potential or actual) 
Overuses renewable resources 


Uses and wastes nonrenewable resources 
Uses nonrenewable energy sources 

Does not use recycled materials 
Increases dependence on transportation 


Short life 
Promotes large-scale centralized enterprises 


Results in dehumanising/impoverishing work 
or lack of work 
Capital-intensive 


Reduces social flexibility 
Promotes centralized control 


Understandable only to, and run by, specialists 
Destroys natural beauty 


|ppropriate Technology. Sacramento, Office 


s use technologies which are 
do not know what is appropri- 


he fundamentals of engineer- 
problems. It is essential in its 


f a particular crisis in the world. 
this. however. In a world which is 


e concerned with future 


d yet survive. Poor 
r the consequences of failure. 
t anticipate the shortages 
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and other crises of the future and devote their investments of material 
and manpower to goods and services which will remain viable in the 
long term. The engineer's role in this collective anticipation is crucial. An 
education in appropriate technology should prepare him for it. 


But surely appropriate technology is only about extreme poverty and the 
need for development ? 


It is probably true that development problems. the ideas of people like 
E. F. Schumacher. and the concept of intermediate technology have 
been prime causes of the current interest. Schumacher developed the 
concept of "intermediate technology’ in the mid-1960s. He argued that 
poor people in poor countries needed technologies that are relatively 
small, simple and capital-saving ; and that these would be appropriate to 
meet the needs and resources of poor communities. His approach 
focused attention upon the fact that technology is not a fixed or ‘given 
factor in development, but one that is variable and adaptable. The coin- 
ing of the term ‘appropriate technology’ certainly derives from this re- 
cent background and the need to find a label which is more generally 
valid and not tied to a particular scale of hardware. But criticism of 
indiscriminate technology and the social and ecological damage it can 
cause is at least as old as the Industrial Revolution. It is voiced today 1" 


rich countries perhaps even more than it is in countries at an early Stage 
of development. 


Is appropriate technology confined to engineers at professional level ? 


Of course not. If appropriate technology means often choosing simplicity 
rather than complexity, or local resources rather than imported ma- 
terials, it follows that all levels of skill are implicated. This leads to an 
important point: appropriate technology often depends on suitably 
trained people to maintain and operate it. All too often operation an 

maintenance cannot be carried out because the educational system is toP 
heavy. and craftsmen and technicians are not being properly trained 1 
sufficient numbers. No technology worth the name can be appropriate 


if the training system of the country is inappropriate to social and ec” 
nomic needs. 


What are the educational aims of appropriate technology in engineering 
education ? j ; 


It is clear from what has been said already that to attempt to list these 
would be to explore engineering education as a whole. But by treating 
appropriate technology as a new or revived emphasis within engineering 


education. it is possible to suggest some aims which should be clearly 
articulated: 
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l. The ability to distinguish and approach the relevant social purposes 
of engineering. 


2. A curiosity concerning the context of a given problem and an ability 
to analyse and describe that context. 
3. An ability to see a range of alternative solutions and outcomes. 


4. A readiness to apply appropriate criteria in the choosing of a solution 
without undue regard to scientific or technological status; in other 
words to judge one's engineering against the needs of people who are 
not engineers. 

5. The determination to ensure that decision-takers who are not en- 
gineers and the public are made fully aware of the potential harms 
and benefits of particular technologies. and act accordingly. 


We all know that administrators, teachers and students in all countries. 
are influenced by matters of status. How does this affect the 


introduction of appropriate technology ? 


There is no doubt that a preoccupation with status is a major barrier to 
the rational use of technology for social and economic development. It 
is characteristic of technological man that sophistication becomes an end 
in itself: that scientifically difficult technology carries more prestige be- 


cause it is difficult. 

The symbolism of technological har 
large factory is more ‘visible’ than a hundred small workshops: 20 
kilometres of motorway more visible than 200 kilometres of rural roads ; 
à nuclear power station more visible than several hundred thousand 
local solar or biomass units. If this symbolism is extended by the camera, 
and by the photos which adorn the walls of government offices and the 
Pages of technical journals and newspapers. Its influence becomes per- 
Vasive in ways which those involved may not be aware of. . 

The visibility of high technology also means visibility and a kind of 
Status for those responsible. The international journals Li erede 
in technology play a part in this by supporting the persona m ires 
administrators and technologists. Ambition is not of course disho ot 
able. But if technology is to develop its full potential in cien ne true 
Wealth and reducing real poverty. technological ambition must be better 


focused than it has in the past. 

. Administrators in higher education are not immune to epu 
influences and academic teachers feel them as much as anyone, a 
QUestion of status goes further still in the design of courses an E E 
Cations. An appropriate-technology approach in iu ne pe 
SOmetimes appears to lack the distinct and definable body : nf 
sociated with the ‘hard’ sciences. It cannot always predict is bs “4 
areas of the social sciences. The need-centred approach xs es Sue 
Pragmatism inevitable and vet many administrators and academics are 


dware also comes into this. A 
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disturbed by this conceptual untidiness, or fear it is a cover for sloppy 
thinking. ) 

Suspicions as to the academic status of the appropriate-technology 
approach are reinforced when it comes to matters of experimentation. 
The scientific norm is to approach problem-solving via hypotheses which 
can be stated theoretically and then subjected to the elegant experiments 
needed to prove or disprove the postulated theory. In appropriate tech- 
nology, experiments are likely to be more rough-hewn. The problem- 
solving is more likely to involve full-scale hardware set up in the field. 
and is used as much to generate ideas as to suggest or justify theory. 
Intuition often plays a part in this, and both intuition and imagination 
have become neglected in engineering education. Practising engineers 
can argue. quite rightly. that a return to a more even balance between 
intuition and theory. and to a result-centred pragmatism. would be a 
return to the traditional strength of engineering. But many academic 
engineering scientists do not see it this way. 

Perhaps the best insight into the problem of status is given by the 
notions of ‘hard’, ‘soft’, and ‘wicked’ problems. Hard problems can be 
stated precisely and objectively. Answers to them are ‘right’ or ‘wrong 
using inflexible criteria. Soft problems are more difficult to define, defi- 
nition depending often on the viewpoint of the individual. Criteria are 
more difficult to decide and apply and it is often difficult to know. at 
least in the short term, whether the problem has been solved or merely 
transformed. Wicked problems are extreme forms of soft problems 1n 
which the problem-solvers are part of the problem. 

Hard problems are the substance of much that is taught in science at 
all levels of education. Because they are clear-cut and tidy, and because 
Success is immediately visible, they provide the ladder for academic 
Status and careers. Needless to say, they are easier than the soft and 
wicked problems which pervade not only appropriate technology but 
almost every professional challenge in the real world. There is therefore 
no need for advocates of appropriate technology to feel worried about 
the true status of their work. But they do have to understand the precon- 
ceptions of those they try to convince. In particular they need to recog- 
nize that standards of student attainment must be maintained and where 
possible raised. They must be ready to show, to their sceptical peers, that 


students educated in appropriate technology become better engineers 
than those who are not. 


Are there any fundamental differences, in these problems of status. 
between developed and developing countries ? 


No. 
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Should appropriate technology be handled as a distinct course or 
course-unit ? 


Appropriate technology is no more and no less than a return to, or 
reaffirmation of. the fundamentals of engineering ‘for the use and con- 
venience of Man’. It can be argued therefore that it is not only wrong but 
ridiculous to treat it as something separate from the core of engineering 
studies. It should pervade the whole of the curriculum. Its aim should be 
the development of a new ethos in engineering education and eventually 
in engineering itself. 

But this is counsel of perfection. It takes no account of the problems 
of reform-the need to convince colleagues and to build up educational 
materials. new contacts outside the university. new learning strategies. 
new modes of assessment. In the short term at least it is necessary to set 
aside blocks of time and to encourage staff. so that a need-centred and 
problem-based approach can be developed without risk of being sucked 
back in the old ways of abstraction and social detachment. 

Whether these structural arrangements within the curriculum are 
called appropriate technology or, for example, ‘engineering and develop- 
ment’, or ‘engineering and human needs’, is beside the point. Advocates 
of appropriate technology claim no special authority to decide what is 
appropriate or inappropriate in a need-centred education. It is the inten- 


tion which matters, not the title. 
technology is ‘covered’ in the 


How can one know whether appropriate ogy l 
uccessfully : 


curriculum; whether it is being handled s 


There are two ways. which support each other. One is to use mee "i 
Of check-list. perhaps similar to that given near the beginning of this 
discussion, and see how the curriculum reflects the criteria of an Ret 
Priate technology. In most cases it is necessary 10 bos a i eed 
Criteria, having regard to whatever may be the specia c cael ope 
gree programme. But if students can say something sensible a E m 
Of the criteria and their application to the type of engineering they 
Studying. then some success has been achieved. — 2 
The second way is more critical because 1t eame em 
merely saying, We come to the question of sposi Me and be Hes, 
Dut already it is clear that active learning. through projects 2 ` 


'S essential. Quite simply. if students perform as ania Es 
Problem-solvers in their projects: if they want to kio, Peek is 
Can find out. most things of significance 1 the maa ol ne Meshes 
“Ms: if they can identify. and care about. the human an ecol -o ‘Spe 
volvitur una a 

Uis this s ; i wever. s a Kris 
Wina Bt ol pred measurement of success-indi- 


oing and not 
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cators. even though the validity of many such indicators is uncertain. 
Perhaps this concern can be put in perspective by making an analogy. 
In an academy of music a musician is taking his final examination. The 
professors listen to him playing and give marks for such qualities as 
interpretation, expression and technique. They do not measure the speed 
of his playing in notes per minute. They do not award him a pass be- 
cause he gets through the piece without making any mistakes. They 
grade him by his performance as a whole, having regard to what it 
means. in the world of music. to be called a musician. It is not mere 
rhetoric to ask why engineering teachers of quality should not be able. 
after some experience. to make a reasonably reliable judgement as to 
whether their students are learning the amalgam of skills we call en- 
gineering. 


Which themes or problem-clusters are the most important in relation to 
present and future needs and the uses of technology? 


Presumably this question is about choosing problems for teaching pur- 
poses; about structuring course units or modules around food. energy: 
shelter. urbanization and so on. There is no doubt that this approach can 
be very rewarding. but it is not the only way. The alternative approach 
is to direct the studies towards groups of people whose needs may be 
multiple-a neighbourhood or a village; a racial minority; a group of 
unemployed. 

The two approaches are not of course mutually exclusive, but the 
second suggestion does emphasize the importance of identifying. with 
students, a set of clients. This certainly can have an effect on motivation- 
And if direct contact can be made, between students and clients. it 
means that the students have the benefit of feedback on the viability and 
acceptability of their proposals. It may even provide the chance of €x- 
perience as change-agents-perhaps the most important role of all 1 
development and environmental improvement. 


Forgetting these social purposes for the moment, and remembering 
that engineering students must be competent in science, 

what kinds of problem have the most to offer in exercising 
the ‘hard’ skills of students? 
It is a profound mistake to have preconceptions about this. There are 
probably few human needs which are unconnected with engineering- 
and certainly many where the ‘hard’ skills of engineering can unexpec 
tedly be put to use. Just for example. some students at Imperial College 
London. were asked to do a study of the ‘meals-on-wheels’ service in 4 
London borough (the scheme whereby old people. living alone. are 
brought hot meals at midday). Their contributions. after detailed investi" 
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gations, were to produce a computer program for scheduling the vehicles 


and to redesign the food-warming equipment. 

Obviously some types of project hold more promise than others, but 
one should not be too certain in advance. Part of the excitement of 
appropriate technology. and part of the excitement it can bring into 
engineering education as a whole. is the discovery that engineering skills 


have enormous scope in their application. 


It seems, then, that projects are the key to successful 
appropriate-technology education. 


Without doubt this is so. But we have to remember that projects can take 
many forms. They can involve single students or small groups. They can 
be concerned with research, development. or implementation. They can 
be ‘hard’ and ‘soft. They can be closely formulated in advance or they 
can be ‘open-started’ as well as ‘open-ended’. They can involve field- 
work. even though this must sometimes be ruled out. The scope is enor- 
mous and has been recognized only in recent years. 


e all have limits to our knowledge and 
ited experience of the wider 
the full environment of a 


Bearing in mind that w | 
competence, and that students often have lim 
world, is it not difficult to know and convey 
problem ? 

important thing is to make the most 
of opportunities. These include the real-world experience and interests of 
the teacher; the presence of students from the physical. social and cul- 
tural environment in question: links between the university and people 
Outside. There is no point in attempting the impossible. The important 


thing is to recognize just how much is possible. 


Of course this can be difficult. The 


What about case-studies? 
„studies are often misused in 
in treating them as straightforward 
by students as accepted and uncom- 
e-studies lies in re-creating the uncer- 
jainties and confusion which faced the original probleme 1 = 
ng the st :n the history, to vi 
udents, at each stage 1n 

owing the next stages. This exposes the students to C eei 
cing an engineer. It forces them out of passivity into à oboe 
Mois It means that case-studies must be structured for this p rpose. 

© shall be coming back to this below. 


There is an important point here. Case 


education. There is little benefit 
Pieces of history, to be read to or 
Plicated fact. The potential of cas 
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And what about lectures? 


It is increasingly fashionable to play down the importance of € 
is true that they are often misused. as a cheap means of convey! : 
information which can be better handled in other ways. Someone mee 
referred to them as a way of transferring facts from the notebook of t d 
teacher to the notebook of the student without passing through the min 
of either. And sometimes they merely feed the vanity of the teacher. 
But this criticism can be overdone. The prime role of lectures IS = 
build up motivation (and it takes a good teacher to do this). The lech 
is at its most valuable when the lecturer is a first-hand witness. a ce 
person from the real world. bringing in not only facts but also the a 
tudes and approaches of a real-world problem-solver. Teachers them 


: cate e 
selves do this, of course, and we have all observed the effect it can hav 
on the motivation of students. 


; : r «oblem. 
We have discussed the importance of knowing the context of a proble 
Surely first-hand experience, by students, is important. 


The vogue-word is ‘experiential’. It can mean on-the-spot surveys and 
investigations; it can mean a visit of inspection; or it can mean b 
and working in the environment of the problem. There is no doubt thé 

it is valuable, extremely valuable. But it is not essential and the finance 
and other difficulties in arranging it should certainly not be used as E 
excuse for dismissing whatever topic might be involved. Some academics 
are suspicious of such activity anyway. They think it is a waste of a 
cational resources and it is true that it can be overdone. We must ga 
critically, thinking always about educational purpose and effectiveness- 


You are beginning to convince me. And yet I wonder about the 
resources, of all kinds, which are needed to develop appropriate 


technology education to its full capacity. Are we not short of them, 
particularly in developing countries ? 
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Let us be clear—all of us in developed and developing countries—the 
one thing you need in order to start teaching appropriate technology is 
a social problem capable of being solved by engineers. Once you have 
this, and the sense to recognize it, everything else is luxury. 


You cannot get away with that answer. There must be some educational 
resources which are crucial. What about engineering teachers of the 


right type? 


Every teacher can become ‘the right type’ if he or she is encouraged and 
helped by the administration. All too often the best careers come to 
those who concentrate on academic research or pseudo-research without 
regard to the needs of their country. Someone at the top. inside or 
outside the university. has to give a clear signal that appropriate tech- 
nology teaching will be rewarded: that it is the most important thing 
going on in the school of engineering. Of course. people do not become 
competent overnight. It takes time to make a few mistakes and learn 

line of study and expertise; to get the feel 


from them; to modify one's d 1 
of appropriate technology. But you cannot simply wait for new members 


of staff to join the school. 


And other kinds of teachers can be involved. 
ople, from other disciplines. can contri- 


bute in teaching appropriate technology. Economists are m 
example (provided they can think beyond monetary terms). e ogists. 
anthropologists, psychologists, ecologists. agronomists-all o these can 
be invaluable and we all have our orders of priority in looking at the list. 
Whether you can get help from them is another matter, because they 4- 
have senior colleagues watching their specialist research ue Hp t 
all depends on the way the institution is run and the quality Tae cauer- 
ship. If the engineering teachers cannot get help from os par s 
they may have to do some wider reading for themselves. It is pro i y 
fair to say that engineers are often more adventurous in this respect than 


Many others in universities. 


Yes, you are right. All sorts of pe 


"versitv? 
What about help from outside the university : 


There are two kinds of resources here. One Is à group rale ciem 

În need and are ready to help you help them to solve penp am e 
ave been over this already). The other kind are men p een 

Solvers who are short of expertise or ideas. Or simply short o . Loca 


g 
government authorities and central government de 


partments are among 
ituati i / ful, and 
ns Depending on the general situation they can be very help 
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very grateful for the help you can offer. Personal contact is the key to 


this — getting to know the officials concerned and keeping in touch with 
them. 


Reference materials are in desperately short supply in the universities of 
developing countries, aren't they? 


Yes they are. It is difficult to be specific about how crucial this is. It A 
depends on the sort of investigation involved. and the extent to whic 
conventional reference materials would help anyway. 


" . s ro? 
We have already discussed the use of case-studies. Are they scarce: 


In way they are. You sec. there are plenty of reports available (although 
sometimes difficult to get hold of) dealing with success stories. It is. © 
course. natural that someone who writes up his experiences should je 
centrate on the things which went right. leaving out all the false trails 
and wrong assumptions. But educationally this is a loss. because the 
purity and simplicity of the account means that some of the experience 
of problem-solving has been lost. It also means that it is difficult © 
handle the case-study in the stage-by-stage fashion described above. 


And now the final question: What can national and international 


organizations do to encourage and assist the introduction of appropriate 
technology in engineering education? 


There are all the usual activities to consider — conferences and sas. 
Shops, scholarships, schemes for the secondment and exchange ° 
teachers, and so on. Conferences which result merely in the exchange © 
platitudes achieve little. Workshops, on a smaller scale and regiona y 
organized, can do much more, provided that the emphasis is on WO" 
Every participant should take away something which he or she bä 
helped to prepare.which can be put to immediate use in the classroo™ 


All nn ee should recognize that ideas of innovation T 
quicky be lost when the participant returns to an institution whic 

y | an institution 
educationally static. The L i is 


aw of Inevitable Slipback is powerful and the 


attendance, and (b) ing eus 
-u e ramm 
ensure that subsequ em pen ein 


ent experiences are shared and discussed. 


We noted earlier in this discussion that publication in refereed and me 
n Important activity for most academics. It is e 
t many specialist or sector journals of engineering science i 
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unwilling to publish papers which lack, in the eyes of referees, the custo- 
mary academic purity and scholarship. This leads to the conclusion that 
there is a place, as yet unfilled, for an international journal of cases in 
appropriate technology. Such a journal would have to be refereed, to 
ensure its status and value, but the criteria for the acceptance of papers 
would have to be carefully drawn up to ensure that the journal did not 
drift into the sterility and abstraction of many journals in so-called de- 
velopment studies. Above all, such a journal would have to give priority 
to education. It is only by fostering the spirit of appropriate technology 
among engineering students. at all levels across the world, that engineer- 
ing education will help the people of the world to reach a viable future. 
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nology in various university pro 
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CHEMICAL ENGINEERING AND CHEMICAL TECHNOLOGY 


Unde, rgraduate 

ed on final-year projects. Students 
and/or design project. Over the 
jects have been related to 
processing (evaporator 


Here, all the activities have been centr 
Meis in pairs for a term on a research a s 

Sl seven or eight vears à number of these pro. 
Problems of development. e.g studies on Sugar 
“esign), 
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The projects rarely produce definitive answers to immediate prob- 
lems. nor is that their main objective. They play a very useful role in 
legitimizing and provoking an awareness of a range of problems other- 
wise neglected in undergraduate curricula. 


Postgraduate 
Teaching 
For the last five vears a 20-hour module on technology and development 
has been offered as part of the M.Sc. in advanced chemical engineering 
(a summary follows). The course is now also part of the obligatory ‘core 
of an interdepartmental M.Sc. in environmental technology and has 
proved extremely popular. It is laught jointly by a team of engineers 
(two from chemical engineering) and social scientists (two from the De- 
partment of Economic and Social Studies) and is evenly divided bet- 
ween lectures and discussions. The syllabus shows that the scope of the 
module is wide, and covers more than just intermediate technology: 
Rather. the course concentrates on a discussion of the assumption m 
science and technology are autonomous and value-free. Students em 
widely and write an essay and a technology-based case-study. In 1978. 
for example, case-studies included fertilizer production alternatives, Ca 
sava utilization, energy production for rural areas. ith 

A second and related module on project choice and appraisal, ied 
special emphasis on developing-country problems, was given for the firs 
time in 1978. 

These two courses form part of a complete one-year M.Sc. course 
(starting in 1978) on technology and development. Brief details of this 
are also given below. The Syllabus and structures will integrate a number 
of themes currently being developed in the department. 

Research Projects : 
A large number of projects relating to developing countries at M.Sc. 
(one-year) and Ph.D. levels have been conducted in the department 
There has been no fixed pattern, and projects have included experimen- 
tal studies, theoretical/analytical Studies, collaboration studies (involving 
overseas field work). 

Some recent project topics have included : 
coconut-oil emulsions; kinetics of anaero 
methane); studies of high solids loading ferm 
losic matter: feasibility/system studies of 
and cassava: study of alternative fertilize 
ence to Africa: studies on optimum chem 
ing countries. 

Projects of this type can serve at least t 
educational development of the individ 
Particular problems (this is best done in 


extraction of protein from 
bic fermentation Ge 
entation: pyrolysis of el 
alcohol production from sug? 
r technology with special reret 
ical process designs in develop 


hree separate purposes: (a) the 
ual student; (b) the solving A 
a collaborative framework). à? 
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(c) helping change general attitudes towards appropriate technology in 
the universities. 


Technology and development — summary of 20-hour module 
8) J 


L 


4. The international ownership. control and tra 


5. International corporations: 


Developed and developing: What is ‘underdevelopment’? Theories 
of underdevelopment and strategies of development based upon 
them. 

. Problems of development: modernization and industrialization : 
generating a dynamic (multiplier) of economic development: availa- 
bility and control of resources; population growth and distribu- 
tion. 

. The role of technology in development: world distribution of scien- 

tific and technical resources; ‘technology gap’ and technology depen- 

dency. Technology policies in practice and their implication. Scien- 
tific institutions in developing countries, especially research insti- 


tutions. 
nsfer of technology: 


trade and aid agreements involving technology: cost requirements 
and problems in the international transfer of technology: patents. 


brand names/trade marks and their role in developing countries. 
Technology contracts and their conditions. Role of consultancy/de- 


sign institutions in developing countries. — m 
their characteristics and objectives: their 


their policies towards. and in- 
Implications of multination- 
f developing coun- 


ownership and control of technology: 
volvement in, developing countries. 
al investment for the economic development o 


tries, . : 
6. Case studies: (a) development and current operations of a m 
national corporation: (b) example of a technology contract: its back- 
ground and conditions. . . p 
7. Indigenous and appropriate technology: choice of fenno rand 
and constraints. Purchasing. generation and adaptation of technology 
In developing countries. 
" F P i shoice of (e.g. sugar 
8. Case study: choice of technique and choice of product. e.g. Sug: 
Production/sweetening agent. . . 
: | - agricultural e ering: the 
9. Technologies for rural development: agricultural engineering 
green revolution: agro-chemicals. etc. : 
l dis China. 
D Autonomous development: a case study. e.g 
Student projects: essay; case-study. 


M.Sc. in technology and development — summary 


This one- 
Vid 


of course 


"T in October 1978. It pro- 

; : qieeinlinarv course started in CC 

year multi-disciplinary € ing in engineering and an under- 
Ld c 


55 students with an advanced train 
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standing and analysis of the nature of development and the role of 
technology in industrialization. The engineering component of the 
course comprises selected modules from existing postgraduate courses. 
The initial basis for the course is a selection of modules available in the 
Department of Chemical Engineering and Chemical Technology. but it 
is hoped to extend this arrangement to encompass other departments as 
soon as possible. 

This course has a modular structure. The socio-economic com- 
ponents are presented as follows: there is an extended introductory mo- 
dule on the economic and social context of development — this is fol- 
lowed by modules which discuss the problems, methods and institutions 
involved in the choice, development, and transfer of technology. and 
discuss modern techniques of technology (project) appraisal. This work 
is complemented by seminars based on case-studies which play a major 
role in integrating the course materials and in providing a focus for 
multidisciplinary study. Students also undertake a major case-study on à 
subject relevant to the course and drawing on their background an 
training in engineering. Thus a considerable effort is made to relate the 
different components of the course to each other, with special emphasis 
on integrating the socio-economic and engineering studies. 


Course outlines 


The context of development. A background to provide the student with 
an understanding of the social and economic context in which the de 
velopment effort is taking place. Particular emphasis will be placed of 
the economics of development and on the role of. technology. 


Sources and choice of technology. Problems and possibilities of acquiring 
capability: the transfer and choice of technology — an examination © 
the range (or potential range) of technologies available to produce pro 


ducts of similar functions and the evaluation of alternative techno” 
ogies. 


Project appraisal. Cost estimation and project appraisal with special T€ 
ference to industrializing countries; methods of cost-benefit analysis: the 
implications and limitations of the methods of social cost benefit for the 
design of techniques and processes, 


Case-study seminar. Case-studies are used 
parative material which is not possible 
light the multidisciplinary nature of the 
directed. They are also used to provid 
lectures. 


to provide a breadth of com 
to provide elsewhere; they high 
problems to which the course 4 
€ a forum for specialist outs! 
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Major case-study (project). This is a multidisciplinary study involving 
socio-economic and engineering analysis. The engineering content of the 
case-study centres on the discipline in which the student has been trained 
and, where possible, on an area covered by one or more of the advanced 
engineering courses attended. It focuses on a specific developing-country 
problem. Staff with expertise and involvement in these specialist areas 


are also involved in the project supervision. 


Advanced Engineering. This is a choice of some of the existing modules 
in other post-graduate programmes at Imperial College. For example, a 
student with a background in chemical engineering could choose three 
out of: systems modelling and control; chemical reactor analysis and 
design: computer-aided design: diffusive mass transfer with chemical 
reaction: biochemical reaction: biochemical engineering. 


UNIVERSITY OF EDINBURGH - APPROPRIATE TECHNOLOGY 
IN THE SCHOOL OF ENGINEERING SCIENCE 


The standard undergraduate programme lasts four years and the school 
offers specialties in electrical, mechanical and chemical engineering. Ap- 
Propriate technology entered the undergraduate curriculum first in elec- 
trical engineering. but is now represented in all three specialties. The 
modes of learning and the fields of interest vary with the staff members 
concerned, and the aim of those interested in appropriate technology is 
to let its influence pervade the approach to engineering. and professional 


responsibility. throughout the school. 


Undergraduate 
ate technology — 


course of lectures on appropri y 
n energy policy 


2.500-3,000-word essays. one o 
ations of engineering. 


Ex I (all specialties): 
S udents complete two - 
nd one on other social implic 
all students complete two studies or 
nterests of both staff and students and 


propriate technology. 


Year II] (electrical engineering): 
Boe projects. These reflect the i 

€ frequently concerned with ap 
s): all students complete 


Year Ï r 
V (electrical engineering — power Sy Sema 
R Ong project and ieai The dissertation topics normally have an 


„Prop i xamples are: (a) the environ- 
riate-techn theme. Recent € p € 
ental impact of pope (b) the supply of omm 
emer to remote islands; (c) the selection of generation pen ias 
ect on development of a comprehensive hydro-electric/irig 


Scheme 
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Post-graduate 


Some studies are supervised jointly with the Science Studies Unit of the 
University at M.Phil. and Ph.D. level. Recent projects include: (a) the 
application of pedal power to agricultural processing: (b) the study of 
political and technological aspects of a comprehensive river scheme: 
(c) the use of tropical agricultural wastes as industrial inputs; (d) energy 
flow in subsistence agriculture; (e) the choice of new technologies at 
village level; (f) the spread of introduced technology in villages: (8) the 
technology of water sharing; (h) water utilization strategy; (i) social im- 
pacts of large-scale electro-metallurgical industries. 

Many such projects are the result of first-hand contact in the field or 
suggestions and requests from overseas. It is common for post-graduate 
students to spend from eight to twelve months undertaking relevant 
field-work and to prepare for this with language learning where necessary. 


BU-ALI SINA UNIVERSITY HAMADAN, IRAN — APPROPRIATE 
TECHNOLOGY FOR RURAL DEVELOPMENT 


The undergraduate course in rural engineering is a four-year programme 
leading to the B.Sc. It was started in the academic year of 1977 when the 
first sixty students were admitted. As with all undergraduate programmer 
being offered by the university, the first year is spent in studying Frene 
(the second teaching language of the university) and in common-core 
courses, which include the natural and pure sciences. economics, SOC!” 
logy and an introduction to theories and philosophies of development 
, The main part of the programme covers: (a) the application of en 
gineering techniques to solving the environmental problems of existing 
technologies (for example. pollution control); and (b) the design 4? 
implementation of environmentally sound and appropriate technologiën 

The student is expected to specialize in one field of study in whic? 
he/she will be competent. but at the same time not to lose sight of the 
fact that this programme should prepare him/her for a wide range i 
practical capabilities which he/she will be called upon to use after 
graduating. 

_The general objectives of the specialized sections of the course are 
briefly: (a) to improve the student’s basic theoretical understanding © 
the special field he/she has chosen: (b) to provide the student ra 
experience in a repertoire of techniques which he/she will be able be 
apply with confidence: (c) to enable the student to carry out independe” 
work in his/her own speciality; (d) to enable the student to go beyon 
merely applying his/her skills in vacuo, to being able to create the ne 
cessary infrastructure for the maintenance and reproduction of the i 
works undertaken. 


The main areas of specialization are described below. 


J 
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Construction 


The student is expected to become familiar with general civil-engineer- 
ing techniques but in particular those techniques and materials suitable 
for low-cost and labour-intensive construction of roads and buildings in 
rural and marginal urban areas. The course makes use of standard civil- 
engineering texts. pertinent developments in the field of appropriate 
technology and traditional knowledge relating to construction. 
Standard civil-engineering courses include: principles of construc- 
tion; surveying; interpretation of architectural drawings and site plans: 
site investigation and foundation design: design and detailing of build- 
ings and their associated services, such as public baths (/iammams); 
water supply and sewerage. 
These courses are integrated w 

the field and laboratory in order t 

should be acquainted with: 

l. The environmental. social and economic context of building in Iran. 
including; the state of existing housing stock in different regions: the 
nature of current demand; the structure of the industry; ownership 
and rents; skills and employment patterns; planning regulations; 
government organizations relevant to the construction industry. and 
basic literature relevant to the field of rural construction. — 

2. The organizational aspects of rural construction programmes. includ- 
ing time scheduling. supply of labour. materials and costing; climatic 
factors. 

3. Traditional methods of cons 
plasters, and the use of vaults an 
the advantages and disadvantages O, St 

Pa ern’ techniques and of possible modifications to tra 

‘articular competencies include: : 

l. Ability to in and independently direct a three-week project of con- 

Struction work. 


ith case-studies and practical work in 
hat at a general level the student 


truction. including mud brick and mud 
d domes. He/she should be aware of 


f such methods relative to ‘mod- 
ditional methods. 


ojects. including labour, cost- 


2 " è 
^ Managerial aspects of rural ute i pr ir ner 
Ing, sc i f: tors and materials A . 

* iure: peche factors which may affect foundations. 


Geological and petrographic and the thermal 
drainage, materials supply: 
4, Characteristics of a site. 
Lus sources of supply for 
5, ret use of local material 
' Traditional methods and m 
modified or combined with mo 


village topography 


all materials. organization of work to e 
s: establishment of local supply faci EE 
"materials and the ways they might be 
dern techniques to — 
I s ro ; 
6. Aud economical solutions to structural aa Laer aes B bi 
Finciples of climatic design. the design of 5 | deny dm 
Natural energy flows in the most effective manner: es a [vs 
determining house form and structure and the design o approp 
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dwellings and public buildings; the technical requirements for 
special structures such as kilns. silos. barns and biogas digesters: 
special building methods such as those involved in earthquake pro- 
tection. 

7. Construction of rural roads to different standards; the ability to plan 
an appropriate transport network for a given locality. 

8. Design. setting out and construction of elementary hydraulic struc- 
tures such as dams. reservoirs. conduits and weirs. 


Water technology 


In the water-technology option extensive courses are given to provide the 
student with a sound theoretical knowledge of hydraulics. hydrology and 
water treatment. Other courses deal with the existing national water 
policies and planning in Iran. These provide a fundamental understand- 
ing of water as a natural resource in urban. suburban and rural areas. 
The courses combine with practical work (in the laboratory and the 
field) and case-studies so that the student will be competent to deal with 
the following: : 

l. Planning. carrying through and evaluation of an independent project 

relating to water supply or sanitation. including understanding O 

techniques for primary. secondary and tertiary water treatment. 

Basic methods of water storage and catchment including the design 

supervision and construction of small earth- and rock-fill dams for 

water storage or the generation of hydropower. . 

3. Principles of irrigation engineering, including methods for reducing 
erosion, evaporation. seepage and salt leaching. 

4. Supervision of the construction or modification of the physical ele- 
ments of local water supply, such as pumps, channels, walls, qanats 
(see below). pipes and taps. in such a way as to meet the needs ofa 
local population efficiently and economically. t 

In particular the student studies local needs and the proper managemen 

of water supply in the project area near Hamadan. This involves assess” 

ing the role of the traditional methods of water supply, particularly the 

ganat (an ancient method of lapping the water table by means 0! 

gently sloping underground canal together with a series of wells which 

are used to construct and service the canal). In recent years this system 
has fallen into disrepair. Research undertaken by students and staff wI 

assess: the basic effectiveness of the qanat; the reasons for its decline; t 


possibilities for revitalizing the method; alternative methods of irrigatie” 
suitable for local conditions. 


N 


Rural energy supply 


This includes the study of: d 
l. National energy policy and the appreciation of environmental 47 
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social aspects of energy supply at the national and local levels, as 
well as a study of the basic literature and a knowledge of organi- 
zations in Iran and elsewhere relevant to energy supply. 

Existing patterns of energy use and energy needs in a given location 
and the general trends in changing use-patterns. 

The range of alternative energy sources: i.e. the collection and use of 
solar energy. and its inclusion in the design of climatically appropri- 
ate low-energy buildings, biological sources of energy and the anae- 
robic processes for the production of biogas from animal and plant 
wastes; and the harnessing of wind and water energy for the produc- 
tion of electricity and mechanical power. 

Assessment of appropriateness of various alternatives on economic, 
social and environmental criteria. 
Engineering principles relating t 
generation. control, storage. trans 
tricity. 


o rural electrification, including 
mission and distribution of elec- 


Rural industries 


This course includes studies of: 


i 


Iran and the medium- and long- 
rstanding of the importance 
f government policy and 


The general economic climate of 
term trends in policy, including an unde 
of maintaining an awareness of changes o 


economic trends. o i 
The law relating to rural areas, and government organizations re 
levant to the productive sector in rural areas. " ; 
The range of common rural enterprises and traditional crafts (pot- 

textile production. clothes- 


tery, aki ing, leatherwork. l 
y. rug making. dyeing. apri 


making, furniture and cabinet-making, and production à 
of Iran, the economic, social and 


tural equipment) in different parts 
technical dec ane gave dis to them. and the changes now being 
brought about by wider changes in the Iranian economy as a hole 
The principles of managing rural enterprises. of market analysis an 
marketing, the raising of capital and basic accountancy. ay 
Technical and managerial principles of harvesting. storing pies 
ing and marketing locally produced foodstuffs. ane : ín nomi 
Possibilities of other natural products such as medicinal plants, ; 
yes, natural pesticides and animal products. 


he prevailing types of agricultural implemen 


Making and repairing them. 
€ central role of the genera 
Projects and the establishment an 
Workshop for making and repairin! 
Old goods, energy-related equipment and ot 
ocal demand for construction and the nature o 


ts and the methods for 


shop in self-reliant development 
- €i SEE of a small all-purpose 
g agricultural implements, house- 
her items. 
f local construction 
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activities: the establishment of organizations for the provision of ma- 
terials or technical assistance in construction projects. 


LANCHESTER POLYTECHNIC COVENTRY, UNITED 
KINGDOM - APPROPRIATE TECHNOLOGY IN THE DEPARTMENT oF 
COMBINED ENGINEERING 


Introduction 


The department believes that engineering is a profession for those with 
a broad outlook. Industry seems to be increasingly conscious of respon 
sibilities to its work-force and to society at large, and senior managers are 
being chosen from engineers who can respond to the world around them 
and have the imagination to anticipate future needs. The aim of the 
degree programme in combined engineering at Lanchester Polytechnie 
is to provide these future managers with the opportunity to engage wil | 
problems which have not only technical but also social and commercia 
dimensions. The implication is that technology must be appropriate te 


its total environment and not only for purposes of economic develop- 
ment. 


Basic programme 


The programme consists of modules at four levels. corresponding s 
possible total of four years of study. First-level modules are taken 
those students whose secondary-school final certificate, while other. 
satisfactory, does not include maths and science. Fully qualified stu p 
begin with the second-level modules which provide a grounding m 

fundamentals of electrical, mechanical and manufacturing engineerin 
together with the principles of computation, experimentation and dese 
The third and fourth levels of module, from which the student selects |, 


programme which best fits his or her requirements. deal with advan 


studies i ines Seattle $ erce 
udies in the engineering disciplines, manufacturing and comm" cti- 
At the third level ther 


US e are compulso aling with Pih 
cal skills in experimentation, design nd, ar At the four 
level the practical modules. also compulsory, deal with design. ‚be 
the practical work, at all levels, takes the form of projects. These may ef 
tightly constrained, and therefore more straightforward. at thé am 
levels. At the higher levels the problems have greater breadth an e a 
plexity and the constraints may include restriction of cost. available ay 
terials, manufacturing processes, assembly methods. use of propris" Ei 
products, maintenance, safety, legal requirements and social accep ro- 
lity in general. All of these factors contribute to the judgement of Phi be 
Priateness, making students aware of the many criteria which S ud 
considered in selecting a solution to a given problem. 
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Project work 


Some of the project work is undertaken by groups of students. Recent 
examples include the design of a small car for city centres, severely 
limited in its dimensions, pollution-free, legally acceptable and socially 
attractive. Another example is the project of designing a greenhouse unit 
for intensive food production. The unit had to achieve optimal use of 
solar and other renewable energy, and minimal dependence on fossil 
fuels. Fulfilling the environmental needs of the food-plants, the design 
had to meet the constraints of manufacturing processes and costs. 

A third example of a group project is one concerned with the prob- 
lems of physically handicapped people in a nearby shopping precinct. 
Most attention was given to the need for mobility, affecting both the 
handicapped and the non-handicapped. Assessing appropriateness in- 
volved not only materials and components but also such matters as the 
availability of finance. . 

As well as taking part in a group design project. most students under- 
lake an individual project during their final year. This takes up at least 
four hours a week for thirty weeks. It is felt to be important that the 
student should work on something which holds personal interest, and it 
Sometimes happens that theoretical and experimental matters crowd out 
economic and social considerations. The staff of the department do not 
Tegard this as satisfactory, and students are therefore encouraged to 
Select projects which relate the formulation of the problem and proposed 


Solutions to the social and economic context. : 
It has been found that the weaker students are unable to cope with 


thi i themselves in the detail of experi- 
edt ner the message of their first 


mentati ents, having taken : 
ion. The best stud the chance of undertaking 


desi ise. They welcome 
n clas otherwise. They we 1 
E "Hn dene ct on the background to their chosen 


project which allows them to refle [ 1 
Problems and the socio-economic implications of their proposals. - 
The diversity of the topics may be judged from a few examp 


: 5 : ; ru 
recent indivi ; e. by an Iranian student intending to se 
pi edi be r valved a study of the economic struc- 


a Small man 1 i 

ufacturing business. ! : A 
ture of Iran. ree by an immigrant to the United ge om 
Mith the reasons for high labour turnover ina A c o 
an i osition 1 i telep 
3 puel. honon Ae er f telecommunications in the 


Service i e future © i 
ice) carried out a study of th ture ent of transportation lane 


Peninsu] 4 
“insula. The final example 1$ an asst 1 
"gin the Midlands region of e gm Ee didis is not 
tr From this brief note it is clear that appropri department, but as 

ated as an abstraction or as a separate topic in the dep i 


N essentia] aspect of all design teaching. 
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UNIVERSITY OF WARWICK UNITED KINGDOM — ENGINEERING 
DESIGN AND APPROPRIATE TECHNOLOGY IN THE DEPARTMENT OF 
ENGINEERING 


For nearly four years, members of the Engineering Department vari- 
ously interested in alternative technology, intermediate technology, de- 
sign and the public assessment of technology have been discussing how 
and whether these topics should be taught at undergraduate level. A 
school survey in 1975 revealed strong interest in a course which related 
engineering to broader social objectives. During the last three years there 
seems to have been a swing from ‘liberal’ courses towards "vocational 
ones in student preferences. However, interest in alternative technology 
continues to grow, intermediate technology is being fostered by a num- 
ber of governments and agencies (e.g. India, World Bank) and at home 
the depressed state of the small-firm sector of the British economy has 
attracted much attention. The department has therefore devised a VO" 
cational course to serve students who wish to work in small firms. over 
seas rural development or self-sufficient communities, or who aspire a 
be project engineers in conventional (i.e. large-firm) industry. A a 
spondence with about fifty organizations during recent months confirms 
that there is considerable interest in graduates who are technically Ver?" 
tile. conversant with socio-economic constraints on design and produc 
tion and ready at least to consider a role as entrepreneur rather tha 
employee. , 
The degree programme set out below has about 70 per cent of us 
tures in common with the existing engineering science course. It 1s a 
on mechanical engineering and is somewhat less mathematical than U^ 
other engineering degrees at Warwick. There are no options in the S 
or second years, but in the final year students may specialize in prod! y 
tion and design, in overseas development engineering or in technolor’ 
assessment. Agricultural engineering is given some prominence iP i4 
course, because it is important in rural development, because it is à 
in which small firms are especially active and because it offers 4 Bip 
medium for the study of design, production and distribution of e 
ment. The laboratory work during each of the first two years has 


ign 
Set at about 100 hours only, to allow a further 100-150 hours for ae 


: 3 ^ architec 
exercises. In this respect the course is closer in teaching style to arch the 
ture or industrial design 


than to engineering. It is hoped that ! 
i lan : rary 
second year the exercises will include the establishment and tempo e 


elen of small companies, as has been successfully done 7 
schools. 


Liaison alread | 


E „eacy exists with a number of local organizations ef "m 

i intermediate technology and small-firm fields aS ES 80. 
i H H : 1 

national organizations. The programme will start in Octobe and 


and the targets for the fi i i e 
rst three int teen, twe 
twenty-five students. E 
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Cou 
T. j 
se programme 


Ta 
BLE 1. Year One 


Course 


Classi 
ical therm 
od: i 
Ded Systems Mad 
Ries Process 
ni a technology 
ie maths (part) 
ede ing mechani 
h icity ei 
ree-di i 
e-dimensional studies 


Pplicati 
Calion of thermodynamics 


lectricity 


an in 

the envi 

o envir 

ii kx onment 


lternati 
nativ 
: © technology in the United 


Ingdom 


Enpi 
MS 
peering laborat 
Exercises E 


esi 
Tut Bn exercises 


orials 


emi; 
Mar: 
5 on monsoon Asia 


ieldwor 
k N 
(regional study of technology) 
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Bera aad scope of appropria! 
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er 
Tem} Term 2 Term 3 
20 
20 
10 
15 
25 20 
20 10 
10 
12 
10 
15 
15 
15 15 
10 pr 
80 
30 
120 
30 
18 
€ 
278 
] week in summer vacation 


(first-year course). 
te technology. Use 
pe for reduced de 


d industry: 


tein supply à cri 
co-opera 


mand and for re-use; energy 
i ement. 


eli 
tives, self-help schemes, 


current use of technol- 
* energy supply and 


input 


e nature of work; 


small 


ternatiy 
bu live method: ociety an 
s of i i 
stes and their E zing society 
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TABLE 2. Year Two 
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Hours 
Course Term 1 Term 2 Term 3 
ergy conversion I (elec.) 15 
a conversion II (mech. & fluid) 30 
Measurement and instrum. 15 
Structure of materials 15 
Macro. props. of materials 15 
Intro. electronic engineering 30 
Production technology 30 isi 
Design I 30 
Machinery for agriculture 
Organization of production 15 10 
The natural environment 15 —— 
90 100 45 
Engineering laboratory 75 
Design exercises 
(machinery for agriculture) 40 
Design exercises 
(mech. des.) 40 
Exercises (organization 
of production) 40 
195 


Workshop practice 


l. Design I (second-year cou 
figures of merit, ‘ 
Strength, fatigue, controls for equip: 
Noise: characterization and method 


well-conditioned’ design, 


2 weeks after exams 


à alysis. 
rse). Fitness for purpose: market surveys, specification, value analy" 1. 
safety. Ergonomics: human propre, 
ment, tools presentation of information to mac 
s of reduction. Graphics. 


comfort. 
ne users: 


Appropriate technology in engineering education 75 


TABLE 2. Year Three 


Course 
CORE 
Resource engineering! 
Design II 


Intermediate technology? 
Project (individual or group) 


OPTIONS — at least four to be chosen including at least two from list A 
and one from list B 


LIST A 

Engineering thermodynamics 

Fluid mechanics A and C 

Transport 

Electrical power and machines 

Measurement and quality control 

Water resource engineering or low-cost housing and development. 


LIST B 

Business studies 1 
echnology, industry and society 
ood production 
oreign language 


l. Resour EUNT A 

ces engineering (third-year course). . . . 3 

“nergy aats dette of system boundaries; energy in capital plant; energy in n eer 
Pneigy tables; process analysis and measures of efficiency; Dow of energy analysis; techniq 

© the recycling of steel and the extraction and distribution of gas. i "n" 

nergy supply sein consumption and conservation; energy requirements and forecasting senaia 

*TBY cost of energy supply; critique of principal short- and long-term technical options for power 


Supply, . 

roduction of materials; definitions of reserves; economics y baden aera A EE 
€ in materials; high energy materials; bulk materials and land spot ation: ni. 

Synthetic materials; eline materials; case-studies of copper. gravel, fertilizers, wood and water. 


2. In 
termediate technolo n ics E ; 
Traditional technologies, their strengths and inadequacies; history of industrialization in developing 


Countries and its relationship with urbanization; the informal sector of urban Sm B ke eem 

for n, and defects of, traditional and industrial patterns of production. Rei porcus 

"Ural tr development; characteristics of intermediate ir aro — enki Mens 
i i i ^ 

Availabe Port and domestic energy supply in the contexts of par! 


* technologies, social and ecological constraints. 
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Environmental engineering 
in education and practice: 
the emerging shape 


Hassan M. El-Baroudi, 
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Summary 


Recent developments in the comparatively young field of environmental 
engineering demonstrate the response of the engineering community to 
à range of national and global environmental concerns. It is the purpose 
Of this chapter to review the educational and professional aspects of this 
field. Based on the review and findings. an outline of a new approach to 
environmental engineering is presented. This approach should serve to 
Stimulate further discussion of what is arguably. the most important 
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health) and that it should only be offered at the graduate (or post- 
te) level. 
= ode experience was the introduction of the undergraduate 
sanitary engineering programme at the University of Alexandria a 
Egypt in 1949. The programme spanned the last two college years à : 
was offered to students who completed the requirements of the pr 
ceding three years of civil engineering. In these two years, courses sun 
as water and wastewater treatment, water supply and sewerage, public- 
health engineering, microbiology, sanitary chemistry, and sanitary i 
teriology replaced courses in structures, highway construction, coas ^ 
engineering and advanced reinforced concrete. The new departmen 
continued to suffer from lack of student enrollment and profesiona 
recognition. In spite of the technical support by the World Hea : 
Organization (WHO), the department was eventually reduced to 
minor option in the civil engineering undergraduate programme. aii: 
Perhaps the first development in sanitary engineering was its de x 
tion as the water quality management portion in the field of water sd 
sources management (the use of ‘quality’ is significant). This was aa 
mented by Professor F. Pópel in his assignment report to the WH Se 
1965 (Pöpel, 1965). The assignment was to advise on sanitary engine 
ing education and research needs in Egypt. : fully 
Professor Pópel tailored his educational recommendations care " 
to local problems (e.g. parasitic diseases, flies, shortage of water) a is 
local aspirations (e.g. desert reclamation and industrialization). 
major recommendations included: 


in 

The main training in sanitary engineering should preferably be concentrated in 
the post-graduate courses, for engineers having some practical experien 
municipalities, governments, ministries, or research centres. . pstan- 

The undergraduate curriculum in civil engineering should include su 
tial study in all the following four subjects: 
à. Stream pollution control 
b. Water supply 
c. Sewage disposal 
d. Refuse disposal and city cleaning. 


as in 
Influenced by water-scarcity problems in parts of Europe as well pes 
Egypt. Professor Pópel suggested a list of primary and secondary rre- 
jects that sanitary engineers should study in each of the two wale 
sources management options, quality and quantity. . P 
In other developing countries of the world. such as India and 
stan. environmental-engineering education has been through an Civi 
utionary process. guided by the needs of these countries. In India. E 
and sanitary engineers initially played the traditional role of prov! 
water supply and wastewater disposal systems. f the 
Later on. the sanitary-engineering concerns became part ntal 
broader field of public health engineering. A variety of environme 


aki 
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functions were assigned to public-health engineers at local, state and 
central levels. With India being afflicted by certain endemic diseases, 
see emphasis was placed on courses in COMMNNSS dene i 
cenily popu i ta microbiology and malaria engineering. a 
nologies ndia becomes more industrialized, new pollution on 

» and industrial waste management are being added to camet 


On envi é 
peras engineering and public health. l 
of sanita nary developments of the 1960s and early 1970s in the 
widespread ad ry engineering in the United States were associated with 
y Universities. sore of the broader name of environmental engineering 
as concerned Societies and technical journals. If sanitary engineering 
ering dealt ang water management, the new environmental engin- 
“Nt, radiolo ith, in addition, air-pollution control, solid waste manage- 
Jectives of t gical health, new sophisticated waste processes for new ob- 
fragile e treatment, and with vaguely defined objectives of preserving 
. To mes onments and maintaining ecological balances. — . 
vironment these challenges, the graduate programmes in sanitary en- 
Search ‘fee engineering continued to broaden their curricular and ie 
Engineer, S, for training the interdisciplinary environmental team O 


5 and scientists, The recent remarkable growth in environmental 
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designed to meet the educational needs of these applications exist in an 
estimated 110 engineering schools in the United States. An excellent and 
highly informative reference on these programmes is the 1974 register 
co-sponsored by the AEEP and the AAEE (Klosky, 1974). 

For each programme the register provides the name, address and 
telephone number of the programme, chairman or resource person, à 
brief history and description of the programme admission requirements, 
course offerings, a list of core and associated faculty with brief pro- 
fessional sketches and research interests, the record of student enrolment 
and available facilities. From the reported admission requirements, it 1$ 
clear that a bachelor degree holder in almost any engineering or science 
field, with a reasonable undergraduate record, can find the master's of 


doctoral degree programme that best fits his environmental and pro 
fessional interests. 


FACULTY QUALIFICATIONS 


An interesting account of the areas of knowledge related to environmen- 

tal engineering in the United States can be obtained by considering the 

qualifications of its own faculty. These qualifications were also furnished 
by the register which included 71 programmes, 2 of which were in 

Canadian universities. Of the 71 reported, 65 universities provided à 

complete degree record for all or most of their 412 core faculty members. 

Table 1 shows the discipline in which these faculty members had sper 

cialized for their bachelor, master and doctorate degrees. An arbitrary 

clustering of various degree titles is adopted as follows: 

Civil engineering: includes degrees reported as civil engineering. and the 
few exceptions which specified the degree as in structures. construc” 
tion, hydraulics, and hydrology. 

Sanitary/environmental engineering: includes also degrees entitled war 
ter resources, hygiene, industrial hygiene, sanitation, environmenta 
systems engineering, environmental/public/occupational/industri? 
and radiological health engineering. . 

Other engineering: includes mechanical, electrical, petroleum. engineer" 
ing, engineering science, agricultural, geological, mining, irrigation 
industrial, soil and systems engineering. : 

Environmental sciences: includes also sanitary science, water. chemistry: 
limnology, environmental-health science, sanitary chemistry. ecology: 
microbial ecology. environmental chemistry, aquatic biology: atmo 
spheric chemistry, environmental microbiology, sanitary chemist 
and biology, and radiological biology. ; 

Chemistry: includes also biochemistry, geochemistry, and the followin’ 
chemistries: organic, agricultural, food, nuclear, physical and ana yu 

cal. 


Life sciences: includes bacteriology, biology. microbiology, zoology: bo 
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TABLE l. Academic degrees held by core environmental engineering faculty 
(412 in 65 programmes) 


Bachelor Master Doctorate 

Discipline 
R Percentage Percentage Percentage 
No. of total No. _ of total No. of total 


MEE: a 


Engineerin, 309) (750 009) (75.0) (283) (68.7) 
Civil p^ dr w xw s - 
Sanitary; m " 
cuedironmental 12 29 wo 32 " a 
Other d 5 aw © WV à WM 

" 2 5 » Bh * B 
lences 

E ^ 
sic mental (85) Q6) (6) (60 ON 9 

ces 
Mistr 3 
ife sejen. : 0.7 23 5.6 30 13 

Other ences 2 Es 3 i 15 36 

specified 19. 4.6 14 2 i4 34 

None (18) (4.4) (13) (3.2) a2) 29 

Tora, EE — Qa) 68) G9 — (99 
412 100.0 412 100.0 412 1000 


tany, medis . 
Othe an ae plant pathology. biophysics. plant physiology, veteri- 
soil. lenceg; ion. "am cology, and veterinary biology. . 
Pute Ysics, oe es physics, nuclear physics. mathematics, geology, 

T minis Clences ae oceanography. food. naval. military, com- 
vis ix ation, ürba n the social sciences of economics, business ad- 
de the Ure of fer planning, sociology and agricultural economics. 
Enta) ^ Braduates with demonstrates the outcome of the efforts to pro- 
Bes quality, Prom the education necessary for managing environ- 
Bine, -Onclude th the list, and the distribution shown in Figure 1. 
Tin àt environmental engineering is the interdisciplinary 

Par excellence. Also. the professionals who are contri- 


bur: 
lin 
of the Most 
e to thi 
this field are the civil engineers. Finally. only 3.6 per cent 
that was environ- 


lo 

En tal f: 

faa tally ^. lacu : 

im a lty has an undergraduate education n s 
ce. This is due to the 


th Tiented e; i 
Nagy, envi d either in engineering or in scien 
offered mostly at the 


Vat DViron 
: levels. Mental studies have so far been 


Co 
Nr 
EN 
T 
sig OF PROG RAMM 
hei Eri ES 
Ine, Q i 
Sering pE distributi - 
Aculty iti ion of formal disciplines among environmental 
It is possible to argue that the field of knowledge in 


84 The environment in engineering education 


environmental engineering is made up as follows: environmental (sani- 
tary) engineering, 40 per cent; other engineering, 30 per cent; environ- 
mental sciences, 10 per cent; basic sciences, 5 per cent; social sciences, 
5 per cent; individual options, 10 per cent. 

If the environmental-engineering education is available only at the 
graduate (master's degree) level, then an engineer applying to the pro- 
gramme can be assumed to have already satisfied the 30 per cent of 
other engineering and 5 per cent of basic sciences. Consequently, the 
one-year graduate programme in environmental engineering can have 
the following distribution: environmental engineering, 60 per cent; envi- 
ronmental sciences, 15 per cent; social sciences, 10 per cent; individual 
options, 15 per cent. 

These distributions seem generally acceptable and reasonably balan- 
ced. Since they are based on faculty qualifications, an attempt to identify 
future trends was carried out by the authors using a statistical analysis 
of the graduation dates of the faculty. One of the important conclusions 
is that the faculty with degrees in ‘environmental sciences’ are by far the 
youngest group. These sciences focus on monitoring and understanding 
the chemical, physical and biological phenomena in natural and pollu- 
ted ecosystems, with the ultimate objective of preserving vital balances 
and desired environmental quality. It is consequently projected that the 
importance of environmental sciences will continue to increase in the 
education and practice of the environmental engineering field. 


The practice of environmental engineering 


As the need for safe water supply and wastewater disposal was recog- 
nized, the sanitary engineers had a stable market with reliable clients. 
The members of the sanitary-engineering and public-health teams were 
either self-taught or acquired additional training in the growing numbers 
of graduate programmes and schools of public health. In the case of 
sanitary engineering, the application of specific areas of knowledge was 
closely associated with, and dependent on, civil engineering construction. 
hydraulics, Soil mechanics, and surveying. Its objective also fitted the 
philosophy of public service which has distinguished the civil engineer- 
ing profession throughout its history. 

In professional practice as in education, environmental engineering 
can broadly be defined in the context of historical needs and develop- 
ments. One may assume that sanitary engineering was developed 1n 
response to two overlapping but distinguishable concerns. First was hU- 
man health, and second was the quality of the surrounding environment. 
As human activities of urbanization and industrialization continued tO 
grow, the simple water-related health aspects of sanitary engineering also 
grew and developed into public-health engineering. The recent intensifi- 
cation of industrial and urban activities has resulted in the development 
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of the environmental aspects of sanitary engineering into what is now 
termed environmental engineering. Figure 2 illustrates this history. 


THE ENVIRONMENTAL ENGINEER'S CLIENTS 


A need can exist without being met, but a demand must have formal 
status. As in public-health engineering the demand for environmental 
engineering comes, directly or indirectly, from government (Oakley. 
1978). In the United States, recent studies show that many environmen- 
tal engineers will be needed in industry, all levels of government and in 
consulting (Middlebrooks, 1975; Middlebrooks et al., 1974). However, 
while the projections show the greatest need in industry and consulting 
firms, they assume a continuation of government support, and the imple- 
mentation of relevent state and federal legislation. The latter includes the 
Solid-waste Disposal Act of 1965 and its amendments of 1970 and 1976. 
the National Environmental Policy Act of 1969, the Clean Air Act of 
1970 and its 1977 amendments, the Water Quality Improvement Act of 
1970 and its amendments of 1972 and 1977, the Pesticide Control Act of 
1972, the Marine Protection, Research and Sanctuaries Act of 1972 and 
its amendments of 1977, the Toxic Substance Control Act of 1972, and 
the Drinking Water Quality Act of 1974. 

Implementation of the goals and requirements of these acts will call 
for the expenditure of billions of dollars by the government and indus 
tries for years to come. Examples of these requirements are upgrading © 
all municipal sewage-treatment plants to the secondary level, replace" 
ment of ocean dumping of sludge by land-based treatment/recovery 
disposal systems, introducing additional trains in water and sewage-treat 
ment works for removal of organic and inorganic pollutants for which 
new standards have been set, extensive monitoring of waste streams an 
the environment surrounding them, and so on. These activities will pro- 
vide many opportunities for environmental engineers and scientists 1” 
government and industry. 

However, the driving forces behind this need are the national and 
local legislatures which strive for a certain quality of the environment 
within the total picture of the economic, social and national defence 
goals of the citizens. 


THE ENVIRONMENTAL 
ENGINEER'S PROFESSIONAL ROLES 


The co-operation of an interdisciplinary team of professionals and tech- 
nicians is needed for the implementation of the national and local laws 
and regulations related to environmental protection. Other nor- 
engineering professions have also crowned their practitioners with the 
‘environmental prefix. As a result, in addition to the environment? 
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engineer, we now have the environmental scientist, the environmental 
planner, biologist, chemist and economist. The same distinction was 
adopted when the interdisciplinary team of engineers, doctors, agen 
etc., was formed in the field of public health. The scope of the work o 
the public-health team members had visible limits in time and space Ha 
were easily comprehended and appreciated by everyone, which matche 
human activities at home, at work, in the market place and recreation 
centres. The public-health effort was closely and immediately reflected in 
improved health, comfort and aesthetics. f 
For the newly formed environmental teams, the potential scope «i 
work can be very broad indeed, in space and in time. Environment 
concerns extend from the ocean depths to the depletion of ozone layers 
in the upper atmosphere. Threatened wild-life habitats are enti 
environmental concerns about possible impact that may be extremely 
long term or even unknown. ] : 
Rescuing ‘Space Ship Earth’ from the destruction of its fragile pl 
systems is the ultimate goal of involved scientists, engineers, legislator 
and others. f 
By the nature of the engineering profession, only in the stage b 
developing and implementing a plan of work with a clearly cr 
scope, can the environmental engineer become a viable member of t 
team. The following are examples of such work carried out in the Unite? 
States partly in compliance with environmental laws: siting studies; poe 
vironmental impact analysis; water and wastewater managemen 


A à : ; jon 
studies; solid-waste and resource recovery engineering ; and air-pollut! 
control. 


Siting studies ber 
In these investigations, the environmental engineer is ideally a mem ers 
of a team. The team may include, where appropriate, land-use plann d 1 
geologists, civil engineers, socio-economists and other specialists. as Fike 
as the engineers responsible for the implementation of the project. boue 
in the study region, a list of potential sites or areas is first drawn UP 8 
the basis normally, of general economic feasibility. With further analys 

of the published site data, and micro-political factors, and through Tis 
application of exclusion, avoidance and preference criteria, some pue te 
tial sites can be eliminated. The remaining sites, called the ‘candida 


DIAC ; ct 
sites’ are subsequently subjected to detailed investigation to finally e 
the preferred site. The site-selection p ing step” 


i rocess includes the follow! 

where appropriate: 

Step | — project summary: land requirements; raw materials and fin 
ished products, if any; waste streams (solid, liquid, and gaseous 7 
tes), their quality and generation rates; applicable effluent criteri 


; a : li- 
water-quality and air-quality standards; federal, state and locâ 
censing requirements. 
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Step 2— site specific data collection: soil characteristics. including 
geology and hydrology; water quality and quantity to meet the pro- 
ject needs; ambient air quality; zoning arid landways use ordinances ; 
access roads/rail. 

Step 3 — environmental impact of the project: air resources; water re- 
sources ; terrestrial ecology ; land uses; socio-economics. 

Step 4 — cost estimates: approximate cost estimates for each candidate 
site are prepared. 

Step 5 — ranking analysis: based on the information developed in steps 
1 to 4, criteria for ranking analysis are established. The most suitable 
site is selected based on the results of this analysis. 


Environmental-impact analyses 

Until recently environmental considerations were unperceived or ig- 
nored in making decisions concerning the establishment or location of 
an industry, utility or public facility. Typically, the major thrust used to 
be on economic evaluation and engineering-feasibility studies. This is 
still the case in many countries. However, in countries where new pro- 
cedures are demanded by legislation or clients, environmental criteria 
have had to be applied alongside the traditional economic, social and 


technological criteria. 


An ‘environmental impact analysis’ is the study of probable changes 


in the environment which may result from a proposed project. The pre- 
Paration of an ‘environmental impact statement’ (EIS) for a proposed 
Project is an interdisciplinary team effort by environmenta mi 
ologists, ecologists, chemists, sociologists. ee genk anne . 

ects, and any other specialists whose expertis l ; 

The bares impact statement IS à full s pedis 
Which discusses all significant impacts Of the quality o. tis ge 
Fonment. It is normally circulated to agencies. citizens ia o! gnana 
who might be affected. Public participation shou T dne bu 

rough open hearings. and modifications to accomm 


Cerns should generally be expected. ; i im- 
The following items are generally covered S es 
Pact statement: (a) description of the proposed prole d other regu- 
Ship of the proposed project to land-use plans, podes aa roiect on the 
lations of the affected area; (C) the probable mr lon ie impacts 
(the ’s environment — this will include short-term e sons land use, 
im : 1 on wal a z an 
ere pacts disused wil e dA jd economie inasin mats 
therse environmental impacts which can be 2 Ae 
Ces a and their impacts; (f) any Pere which are propose” 
mig’ the project: (g) mitigation care indirect con- 
eg. the adverse environmental impacts: ( impacts such as mitiga" 
quences which are sai the primary ! P 
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tion of population due to increased employment potential which in S 
will increase pressure on the area services such as water supply. schoo s. 
fire protection, police protection and other social and economic activities. 


Water and wastewater management studies 
A water and wastewater management study seeks an optimal system of 
water supply, water use and re-use, and wastewater treatment and dis- 
posal. Treated water must meet the quality and quantity demands of its 
intended use. Treated wastewater from the facility must meet effluent 
criteria and receiving water-quality standards. Treatment in both ek 
therefore, is related to quality needs and not to absolute standards whic 
may be unnecessarily expensive. , 
The environmental engineer plays the leading role in these sin 
and draws help. where necessary from the mechanical. industrial ana 
process engineers who possess specialized experience of the various E 
operations and processes in the project. The studies are likely to inclu 
the following tasks: " 
Development of mass flow diagrams of water use and wastewater em 
ration. Each system which uses water or generates wastewater shou 
be identified. The average, maximum and minimum quantities © 
water and wastewater should be determined. ; 
The identification of treatment systems to produce effluents conforming 
to applicable effluent and water-quality criteria. The study of altemit 
tive treatment concepts including the possibilities of re-use or was a 
reduction by mixing two or more waste streams that will neutraliz 
some pollutants. ple 
The selection of the most cost-effective and environmentally accepta is 
treatment alternative. The capital, operation, and maintenance tos 
of each alternative should be determined. The system reliability. a 
adaptability to variations in influent characteristics should also 
considered while making the selection, 


Solid-waste and resource-recovery engineering ass 
The traditional engineering aspects of solid-waste management pa s 
been the determination of quantities, composition and storage mele 
at the source, design of collection and handling systems, and final di 
posal on land with or without volume reduction by various means. de 

Public-health ordinances and environmental requirements can T' io 
late every stage of solid-waste handling. Various ways of reclaiming id 
terial and energy from solid wastes have been adopted for o 
reasons in many countries. Examples of such recovery operations om 
separation and salvage at the Source, composting of organic WEM 
pulping of scrap paper, production of fuel gas by anaerobic digest! 
and recovery of the heat of combustion in refuse incinerators. 


Environmental engineering in education and practice 91 


Until recently, no significant reclamation activities existed in the 
United States even though such operations were successful in Europe, 
Japan, India and elsewhere. Several factors have forced the emergence 
of the new resource-recovery technology in the last decade. They include 
the sharp rise in energy costs. the stringent environmental regulations 
affecting final disposal, and the development of new conservation aware- 
ness and environmental ethics that discourage the wasting of resources 
on general grounds. Resource recovery in the United States is spreading 
in the form of central facilities for solid-waste shredding, separation and 
a variety of conversion processes. 

Extending the objective of solid-waste management from safe dis- 
posal to reclamation of energy and material values is proving to be a 
highly complex challenge from the technical and institutional aspects. It 
is generally conceded that the utilization of complex technology requires 
the participation of private industries in operation or „ownership. 
Implementing reclamation technologies calls for sizable investments 
which are finance 


d on the basis of contracts with generators of wastes 
and purchasers of reclaimed energy an 


d materials. In these activities, the 
environmental engineer is a member of a large team of other engineers, 
planners, investment brokers, economists, laywers, politicians, marketing 
analysts, and contract administrators. The role of the environmental en- 
Bineer is most visible in conducting solid-waste Surveys, development 
and evaluation of collection, transfer, recove 


ry and disposal alternatives 
and the selection of the conceptually most cost-effective system. 


Air-pollution control p m: 

arious industrial processes, electric generating stations, ee 
9f municipal solid waste or wastewater sludge emit pofu A dirt 
Suspended particulates. sulphur dioxide, oxides of nitrogen, n gue 
Oxide and other gaseous emissions, depending on the a et ii 
Process raw materials. The federal, state or local air-qua ity pom 
ations specify the allowable pollutant concentrations 5. m mes 
‘missions. These criteria are established to protect Pi e Ambien 
Welfare and take into account the maintenance of a desira 


air k 
quality. l . 
ia ays à leading role 1 


; y n air-pollution con- 
he environmental engineer pl : 


as chemists, indus- 


trol ; isciplines such 1 
trial d seeks assistance from NL the following tasks: (a) iden- 


in the emissions; (b) evalu- 
(c) evaluating alternative 
the most cost-effective 


tifyin nd chemical engineers in per vede 

atin, 8 the pollutants and their concentr ton 

cong Pe impact of these pollutants; £ 
tro] techniques and recommending 
environmentally acceptable alternative. 
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Proposed functional organization 


Having reviewed the experiences and features of environmental engin- 

eering education and practice, the stage has now been reached to propose 

guidelines for the future. It is noted that recent developments in the field 
have occurred rapidly in response to the environmental-pollution crisis. 

Considerable progress has been made in a short period, but a basis is 

needed for planning future developments. The proposed scheme is 

based on three assumptions: 3 

The work of the environmental engineer arises in association with, 
and in consequence of, other engineers. The prime concern of the 
environmental engineer is the reconciliation of conflicting human 
goals of material comfort and progress while conserving resources 
and environmental quality. 

The environmental concerns will vary with time and place. Conse- 
quently it is proposed that the work of the environmental engineer 
be client-oriented rather than problem-oriented, e.g. air pollution. 
solid waste. and so on. 

The education and experience of the environmental engineer must also 
reflect the responsibilities and interests of the client sources. Only ! 
skills in environmental engineering match the needs of the subgroups 
of clients will the engineers develop the close understanding an 
mutual confidence which provide the basis of all good professiona 
practice. : 

Figure 3 sets out the proposition and reflects these assumptions. 

Around the outside of the diagram are six fields of expertise. The first 

twoareconcerned with research, monitoringand prediction. Therelevani 

disciplines are a range of pure and applied sciences which, brough 
together for the purpose of professional education and training, we Can 
call environmental engineering-science, or simply environmenta 

sciences. N 
The industries in the centre of the diagram have been divided into 

the three stages of ‘extractive’, ‘basic’ and ‘conversion’. Directly 1€- 

lated to and serving these are the areas of industrial hygiene (protect 
ing the worker inside the industry) and waste and water processing 

(protecting and serving the citizen outside the industry). These areas 

we refer to as industrial environmental engineering. 

At the base of the diagram are the urban or municipal commun 
small and large. The concerns here are water supply and waste dispoS2 " 
and the general problems of public health which involve the environ 
mental engineer and his colleagues in other professions. These two areas 
of expertise we refer to as municipal environmental engineering. ; 

It is unnecessary to emphasize the extent to which these various enYY 
ronmental engineering concerns impinge on each other. The arrows 1. 
the diagram indicate some of these repercussions and the importance 


ities: 
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broad education and effective intercommunication throughout pro- 
fessional life. . 

Figure 4 focuses on the professional structure derived from Figure 3. 
The significance of environmental engineering science is that it not only 
functions directly, in approaching environmental problems at a high 
level of generality, but also provides the matrix of knowledge applied in 
and through the other two domains. . 

Table 2 extends the concept of the three domains into further detail. 
More important, it deduces the undergraduate preparation for these do- 
mains as regards common core studies, departmental affiliation and the 
areas of knowledge in which the respective specialists will have primary 
expertise. And. reflecting the aim of client-orientation, it relates each 
domain to the groups of employers whose interests it will serve. 

Perhaps the reorganization proposed in this chapter will be put 
formally into effect — as a deliberate step, in one country or another. 
by government initiative or by professional bodies. In many countries, 
it must be agreed, intervention of this kind is legally not feasible or 
administratively out of tradition. Maybe changes are happening any- 
way, here and there, because professional groups, like all organisms, 
are subject to the imperatives of evolution, adaptation and survival. 
Either way, an awareness of conceptual shift lubricates the process of 
change. If this chapter has contributed a measure of self-awareness tO 
the environmental engineering profession and a recognition of its des- 
tiny, the authors" purpose will have been achieved. 


Environmental 
engineering science 


Industrial : a 

n 
environmental È £ A s 
engineering 3 engineering 


Fic. 4. Proposed three domains of environmental engineering 
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TABLE 2. A proposed reorganization of the environmental engineering field 


Domains of environmental engineering 


ltem Industrial Municipal 
Environmental environmental environmental 
engineering science engineering engineering 
Primary student Science Chemical 
background engineering Civil engineering 
Departmental Science Department of Department of civil 
affiliation department, chemical engineering 
engineering engineering 
department or 
interdisciplinary 
centre 


Bachelor, master, Master, doctorate Master, doctorate 


Degree offering 
doctorate 


rce development and 


ecology), resou 
mental 


Environmental biology ( ) p 
] quality parameters, envirom 


Common core f 
utilization, environmenta 


preparation 


Primary areas of 
knowledge 


Pr imary 
employer 


impact analysis 


Biological effects of 
pollution, 
management for 
pollution control, 
analysis for 
pollution control, 
ecosystems 
modelling 
Federal and state 
governments plus 
consulting 


Industrial hygiene, 
industrial-pollution 
control, technology 
for resource 
recovery, water 
processing for 
industry 


Industries plus 
consulting 


Public health 

engineering, water 
Treatment and 
disposal, municipal 
refuse disposal, 
air-pollution control 


State and local 
governments plus 
consulting 
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The organization of process: 
some notions and models 


David Brancher 


Introduction 


It is not uncommon for educators to divide their descriptions and eval- 
Uations of education into ‘content’ and ‘process’. ‘Content’ is usually 
laken to mean the body of knowledge and skills which students are 
expected to acquire. ‘Process’ generally means the activities whereby 
Students penetrate, comprehend and apply such knowledge and skills, 
Whether under coercion or due to innate motivation. 

It is also not uncommon to find teachers in higher education who are 
More aware of content than they are of process. If they use the English 
Anguage this is reflected in their choice of words. Instead of referring to 
Content as ‘syllabus’ (derived via modern Latin from ancient Greek and 
em IUBE ‘a list of headings") some teachers use the word ‘curriculum: But 
Wed alam (derived indirectly from the Latin for ‘running’) is properly 
Sylla describe. the activity and effort, the process, through. which the 
tenden Is experienced by the student. The distinction is crucial and the 
Currie ut? of teachers to dignify syllabus (or content) with the potency of 
clopment (or process) has sterilized many a debate on curriculum de- 


transfe idea that the cultivation of process is more important than the 
of ing „Of content, is probably as old as Socrates. It means that the fruits 
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organization as little more than providing a list of the people holding 
such knowledge. Of course, funds may not allow the immediate recruit- 
ment of every member. But as each arrives he or she is expected to drop 
into the slot provided in the grand design. Click! 

It is perhaps not surprising that so formalistic an approach can some- 
times be found among engineering academics; and yet it appears widely 
in universities. In all the fields of higher education, however. it is at 
its most damaging in environmental education. There are four 
reasons: (a) environmental education impinges on a wide range of sub- 
jects; (b) a high level of integration is required before the knowledge and 
skills within these subjects can be put to good use; (c) it is necessary for 
this integration to be dynamic and creative. as new knowledge and in- 
Sights emerge from specialist sources and as new environmental prob- 
lems and opportunities emerge in the real world; and (d) many students 


and even faculty are nevertheless reluctant to engage with subjects they 
perceive as extraneous. 


THE HIDDEN CURRICULUM 
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ing teachers face problems of motivation. But the non-engineers have a 
handicap which sociologists explain in terms of self-reference and role- 
models. Most students who intend to become engineers refer themselves 
to people who already are engineers. These people become their role- 
models; the students take their attitudes and values (and maybe other 
elements of personality) from the engineers they meet in the school. 
Parallel tendencies can be found in schools of architecture and medicine. 
This is an aspect of what has been called ‘the hidden curriculum’. No 
one concerned with interdisciplinary studies should underestimate its 
effect. 

The implication is not that engineering schools should be staffed only 
by engineers. The loss would be great. It does. however. mean that the 
leaders of the school. indeed every engineer in the school. should realize 
just how important it is that they show students. openly and in more 
Subtle ways, that subjects outside the mainstream of engineering science 
àre important and interesting, and that their non-engineer colleagues are 
relevant and interesting people. They can do this in many ways. They 
Can teach together with the non-engineers where practicable; discuss the 
Complementary curriculum with students; insist on parity of effort and 
assessment within it; avoid any suggestion that there are fringe subjects 
In which lower standards will be tolerated. 


THE NON-ENGINEER TEACHER 


The Tecruitment and continuous motivation of teachers who are not 
engineers is a difficult matter. The whole tradition of higher education 
© many countries is that status and career depend on specialization. 
Specialized research, moreover, demands an environment of speciali- 
Zation — frequent contact with fellow specialists, certain library resources, 
the teaching and supervision of advanced students, sometimes special 
“Quipment and laboratory facilities. ^ 
cor What is primarily an engineering school it is not often that such 
Onditions can be met for the non-engineers. It is not often. also. that 
io engineers have career prospects which match those of the engineer- 
8 faculty, This is not necessarily because the non-engineers are re- 
ded as subordinate or peripheral. It is often because their subjects are 
erar arded as central enough to justify a designated senior post, for 
Profe S at the level of full professor., reader or dozent. The problem of 
Prigge nal licence may come into this; to some it may seem inappro- 
engin to have a professor. in a school of engineering, who is not an 
eer. 
by s Problem may however be transient, and ultimately be resolved 
tural eg nic development. A good example of this comes from architec- 
County ation. This field of study was. until recently, in some Western 
> Dased in colleges of art and independent of engineering and 
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science education. As the need was recognized for teaching due 
and thermal fields, physics teachers were recruited to the teaching E ei 
Some of them, having the wisdom to seize an opportunity, abandon d 
thoughts of a career in academic physics and devoted their tenching R 
research to the application of physics and systems modelling to buildi 3 
performance and design. As their experience grew, so did their subject, 
and it is now possible to make a respectable career in architectural or 
building physics. It is not difficult to foresee similar er a abe 
in non-engineering subjects from which environmental engineers already 
draw information and technique. 

If opportunities such as these are missing, and not seen by the non- 
engineers to be in prospect, the inevitable will happen. Active and geur 
tious staff will treat environmental education as a stepping-stone an 
return to their original specialisms at the first good opportunity. Only the 


less capable will remain and the chances of creative interdisciplinary 
teaching and research will therefore dwindle. 


RESEARCH 


Throughout higher education, and particularly in the applied and pro- 
fessional fields, the term ‘research’ seems to be used loosely, to cover e 
range of recognized activities. It can, of course, mean original theoretics, 
or experimental work. leading to publication in refereed journals © 
scholarly status. It can mean disciplined speculation and comment, 
sometimes on matters of policy and professional affairs, published in 
periodicals with a more general readership. Again, it is usually recog- 
nized that academics may have to spend some of the time allocated to 
research, in reading and consultation which will enable them to teach 
new subjects or to supervise research which is beyond their previous 
experience. Sometime 


s this can involve originality and developments Es 
great value, when knowledge and technique are translated from on 


field to another to yield new insights and open up new opportunities 1 
professional practi 


ce. This also may be referred to as research. And the 
term may be used even more loosely to cover activity outside the univer” 


sity — consulting Work with firms and official organizations, and volun" 
lary service on advisory and research 


We have already rem 
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The second reason for questioning the traditional priority is central 
in many of the issues and problems of the environment and in environ- 
mental education. To use the word ‘environment’ is to recognize the 
existence of certain values and the concern which surrounds them. It is 
moreover a sign of interest in what an economist calls 'externalities' and 
in the transactions between any system and all that may be changed, and 
cause change, around it. The transactions may be physical, biological, 
aesthetic, social, economic, commercial, psychological, political. It fol- 
lows that when a group of people from a mixture of disciplines are 
responsible for environmental improvement or for environmental edu- 
cation, they should be ready to use the knowledge and insights of all the 
specialties they represent. 


Specialists research is unlikely to bring this about. Indeed it may pre- 
vent it. Emmelin (1975) questions 


the assumption that involvement in research makes scientists particularly well 
read in a wide enough field. The necessary specialization... may be so time-con- 


Suming that the broad reading of a teacher in a general environmental pro- 
gramme becomes impossible. 


There is another assumption which must be challenged. The idea that 
Conventional academic research is essential to good teaching, that active 
researchers are more likely to be good teachers, is part of the conventio- 
Nal wisdom in universities. As Flood-Page (1972) has pointed out there 
'S no evidence for this widely treasured contention. Indeed, its existence, 
casüpported by research, is a denial of academic values. Voeks (1962) 
dn out a study at the University of Washington, using two samples 
pk * and 193 teachers respectively, in a span of 28 departments. She 
E Cluded that research and effective teaching ‘simply are not related in 
situa Parent way’. Gafni and Waks (1978) more recently surveyed the 
base at Technion. After studying the research performance of 259 
ers and 16,599 questionnaires which rated students’ assessment of 
“ning effectiveness, they concluded: 

t 
obtain stantial negative correlation coefficient between teaching and research 
teaching When Brouping teachers by rank and faculty indicate that, on average, 

And research achievements somewhat oppose each other. 


have piegration of knowledge is not easy to achieve among people who 
St stud SH Conditioned by a background in single-discipline and special- 
Curiosity. t requires a learning culture — a social environment in which 
discussion € exchange of knowledge, intellectual excitement and eager 
Mong i are normal. In other words a culture must be established. 
the est e ing and research staff. which is a model of the atmosphere 
viro mé Ucators seek to develop among undergraduate students in 

ntal studies and environmental engineering. The establish- 
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Does the organization of the school and the system of courses ensure 
that engineering students recognize environmental subjects as within 
their ‘territory’ or frame of reference and impinging on their future 
role as engineers? 

Does the system enable students to have spontaneous informal contact 
with environmentalists who are not engineers. and stimulate the use 
of educational resources? 

Are the engineering teachers recruited to the school at least partly on 
their basis of their interest in the environment? Are they held to this 
commitment through joint activity with non-engineer colleagues? 

Are the non-engineer members of staff recruited partly on the basis of 
their interest in engineering? Are they offered chances of self-fulfil- 
ment and promotion which are no less than those of their engineer 
colleagues? Is the promise kept, and shown to be kept? 

Does the structure of the school. and the management of its time, oblige 
staff to engage in interdisciplinary activity as a prime responsibility? 
Is this activity programmed. so that a momentum is built up and 
maintained? (Here one can think of interdisciplinary seminars re- 
quired of each member on fixed dates, attended by all colleagues; 
case studies or simulations to be written, and tried with students, by 
an agreed date; an agreement that a particular individual will spend 
his disposable time for a given period in studying a discipline com- 
plementary to his own, to meet a new teaching requirement.) 

Is a record kept of each staff-member’s contribution to interdisciplinary 
learning in the school, so that this can be given greater credit than 
specialist research and publication? Is this record discussed construc- 
tively with each member. say once a year? : 

Are the organization and the procedures within it flexible enough to 
be modified as mistakes are seen and new developments become 
necessary? 


Some models 


Keeping these criteria in mind let us now consider some models of 
Academic Organization. They have been taken from direct observation in 
Na of institutions which will not, however. be named. There are two 
simplin for this. The first is that, as with all models, reality has been 
named ed so that the essentials can be seen. If the sources were to be 
chansa would be necessary to go into unnecessary detail and to report 
individua ich have since occurred. The second reason is that some 
Constry als might be upset by what they took to be criticism, however 
be Nae the comment was intended to be. The models. then, should 
can be as ‘verbal line-diagrams’. into which the reader’s own experience 
Or for Projected. In every case the model is of a teaching arrangement 

of organization set up for environmental education. The title 
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given to each model is no more than a label which can be used in 
subsequent discussion. 


SERVICE TEACHING 


This occurs generally in higher education where specialist departments. 
having degree programmes of their own, offer courses or sets of lectures 
to students in other departments. The content of this instruction may be 
taken unchanged from the service department's normal work with inter- 
nal students; or it may be specially devised to meet the needs of the 
students, or the wishes of the staff, in the receiving department. Service 


teaching occurs probably in every university and requires no further 
description. 


which are a matter of ex 
requiring no special app 


up surplus capacity in the assisting department. It is reasonably flexible. 
because new service arrangements can be 
means a lack of continuit 


eering, for the sole purpose of 


gineering students. We may also find 
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has been established for the purpose of offering a wide range of courses 
to engineering undergraduates in subjects such as environmental science, 
industrial psychology. management, law and economics. 

Because service teaching is the prime purpose of such a department 
and because of closer physical proximity and staff relationships, the 
chances of integration are higher than they are where the teaching is 
provided by an external department with undergraduates and a research 
programme of its own. 

A number of disadvantages remain, however, and the teachers in 
such a department may lack status in the eyes of some students and 
perhaps also members of the engineering staff. More important, they 
may feel that they lack status in the eyes of fellow-specialists generally 
in higher education; that they are second-class academics and that they 
should. as soon as possible, move on to departments specializing in their 
own disciplines where their career prospects may be better, or at least 
more conventional. On the other hand, the bringing together of such 
people can, in the right circumstances and with good leadership, lead to 
interdisciplinary teaching and research which is creative and a source of 
inspiration to students and colleagues. It is of course necessary to ensure 
that the service department has an establishment of senior posts compar- 
able with that in the departments of engineering. 


INTERNAL SERVICE TEACHER 


What is described here is an arrangement whereby one or two non- 
engineers are based in an engineering department to carry out teaching 
Outside the traditional mainstream of engineering studies. Each is expec- 
ted to teach special courses or participate in interdisciplinary courses as 
necessary. Special research facilities are not generally available and there 
is seldom an opportunity for supervising research by graduate students. 
Even more than in the first two models, success and failure depend 
On the quality of the individuals involved. It is possible for a teacher of 
Outstanding ability to have an influence on the environmental interests 
Of the engineering department, to achieve a special status within the 
department and even to carry out notable research. It must be said, 
\owever, that the chance of success is slight, and lower than the 
\kelihood of the individual moving on to a more promising situation else- 
ere, 


N 
ETWORK OF SERVICE TEACHERS 


This is a rare arrangement whereby a number of individuals. as 

€scribed above, are linked together in some form of department or 

Masi-department. This may mean that they occasionally exchange cour- 
“Or teach together to meet special requirements as they arise. 
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Clearly, the linking together of such people does provide psychologi- 
cal support and may mean that they have a senior spokesman who can 
look after their interests within the university organization. On the other 
hand, their membership in such a group may mean that they are less 


likely to be regarded as full members of the departments in which they 
teach. 


INTERDEPARTMENTAL (OR INTERFACULTY) 
RESEARCH PROJECT 


The college or university sets u 
programme in a distinct academic area or (and this is more significant) 
concerning a local envir 


planning and management problems. The latter might be f 


d preparatory courses and field 
studies; for staff undertaking problem-based research and consulting. 


It is important that the project should have a wide variety of aspects. 
80 that specialists from many disciplines can participate and relate their 
Work to that of their colleagues. It is important also that it should be of 
fairly long duration — perhaps four or five years is the minimum. 

This is necessary so that experience in undergraduate courses can be 
applied to making such courses educationally more effective in sub- 
Sequent years: so that informal staff contact can lead to formal collabo- 
Tation: so that experts outside the university can be attracted as advisers 
and critics: so that the programme as a whole can gather momentum. 
attract financial support and Commissions from relevant government de- 


partments and agencies and generally add to the status of environmental 
education within the university. 


There is little that can bi 
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interest groups and research institutes outside the university. The oppor- 
tunities are listed and briefly described. and made known to students 
when the time comes for them to apply for the positions of their choice. 
Credit is given for the work done by students. and both the students and 
their sponsors report back to the programme unit at the end“of the 
attachment. 

Some examples of such participation are: a civil-engineering student 
spending one day a week doing a survey of pedestrian movement at a 
traffic junction, which the city engineer needs but for which he does not 
have enough staff; a chemical-engineering student carrying out a study 
of toxic fume levels in local factories for a trade union which has no 
scientific staff; an electrical-engineering student working in the research 
laboratory in the university’s department of biology, helping to devise 
equipment for the rapid analysis of water samples as part of an environ- 
mental monitoring programme; two students from mechanical engineer- 
ing and one from production engineering working together, under the 
direction of the universitys plant engineer. on ways of reducing the 
university's energy costs. As in the preceding model. a great deal de- 
pends on the quality of the faculty and students. and the enterprise of 
the programme co-ordinator. It is important that the students should not 
be treated as cheap labour and given menial or repetitive tasks. In every 
case the co-ordinator should establish beforehand what educational 
purpose is likely to be served by the proposed attachment, and the 
extent to which the proposed supervisors are committed to making the 
experience educationally a success. Where the students are of high 
quality and the programme is well co-ordinated. a significant number 
of people inside and outside the university may gain substantial assist- 
ance in their work and sometimes a fresh view of the problems being 
tackled. 


It must be said. however, that the educational advantage of such a 


scheme can only be stated in general terms. Because of the wide range 
of individual experiences. and the ways in which these may change from 
one year to another. depending on the offers made by sponsors, it is 
virtually impossible to predict the factual information and skills which 
Students will acquire. The benefit lies above all in the process of working 
closely with committed professionals on problems of immediate impor- 


lance, 


^CTION RESEARCH WITH EXTERNAL SPONSORSHIP 
le version of the above, this model applies only 
dents (with good undergraduate qualifications 
fter graduation) are sponsored by 
undertaking interdisciplinary re- 
blem selected by the sponsors. In 


In some ways a larger-sca 
at the graduate level. Stu 
and possibly several years’ experience a 
employers or potential employers in 
Search within the university on a pro 
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Some cases, the students may be staff members of the sponsoring organi- 
zations, on secondment for the duration of the research. 


reason. 


Y variations and a wide range of 
p n d. so great is the scope for confu- 
iw ncentrate on what appear to be academic 
essentials, ignoring detail Which would only aad: The fundamental 
Sevrogrammes of modules rigorously defined 
) 3 al names can be attached t ill 
k ; kanten o these. We wi 
use subject and ‘applications’. The same axes are used to define the 
ough some Members may, indeed should. 
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The ‘applications groups’, often led by members of staff whose orien- 
tation is professional rather than academic. are responsible for devising 
and supervising active learning through assignments — case studies, 
simulations, design exercises and major projects. These learning activities 
are designed to require the integration of the knowledge and technique 
learnt in the subject modules to which students have already been ex- 
posed, and to develop the general and transferable skills of problem- 
solving and independent study. The applications modules may bring 
together undergraduates of different degree programmes, deliberately to 
create the basis for inter-professional understanding and collaboration in 
later life. For this reason the supervising staff are mixed teams, similarly 
brought together for an interdisciplinary approach to real-world prob- 
lems. 

Students enrol in programmes having conventional designations 
(there are obvious reasons for preserving these). Under the control and 
counselling of programme co-ordinators they experience a designed se- 
quence of subject and applications modules, normally involving a choice 
of modules in the more advanced years. 

Each programme co-ordinator has the seniority to ensure that the 
selection and effectiveness of all modules in his or her programme meet 
the professional needs of the students in the programme. The pro- 
gramme co-ordinators, sitting together under the chairmanship of the 
director of studies or the head of school, design and revise the matrix of 
modules, draw up timetables and resolve clashes of priority as they arise. 

The essential features of the model are: y 
No autonomous department exists to monopolize either the energies of 

staff or the time of the students. 

Staff spend only part of their time with fellow-specialists. The remainder 
is spent with other colleagues in the devising and supervision of 
interdisciplinary problem-based activity. They are thereby forced 
into a continuous educational experience which matches that of the 
students. 

he relevance and effectiveness of the subject modules are measured by 
the performance of the students in the applications modules. 

The effectiveness of the applications modules is assessed by reference to 
professional societies, employers, former students and current stu- 
dents. 

No one should underestimate the effort and determination required to 

introduce such a form of organization and to defend it until it reaches 

maturity. Some of the difficulties are, however, ‘desirable difficulties’, 

That is to say, they are those which arise whenever faculty are required 

to leave the cosiness of academic specialties and justify their subjects to 

colleagues. Some members, for example, may be defensive and obstruc- 
tve. Others may not be able to foresee the kind of specialist career they 
ad promised themselves. Others, again, may not find it easy to accept 
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the co-ordination which is necessary to ensure that modules are closely 
interrelated and that resources of all kinds are fully exploited. But some 
teachers may be excited by the possibilities opening before them and by 
the feeling that environmental education can be moved on to a higher 
and more effective level. l 

The last point is significant. It suggests that it may be easier to set up 
a scheme of this kind when a school is being created or when many new 
staff can be selected, at least partly, on the basis of their commitment to 
the scheme. Other opportunities may arise when new programmes are 
being designed. But even after a successful launch no complacency 
should be admitted. All experience in higher education shows that even 


the best beginnings offer no guarantee against creeping mediocrity. The 
price of excellence is eternal vigilance. 


Conclusions 


It is not easy briefly to summarize a discussion as wide-ranging as this, 
but conclusions which are not brief serve little purpose. The gist seems 
to be as follows: 


The essential content of education is too often assumed to be factual 
information and specific technique rather than the processes where- 
by such knowledge is gathered and handled, and decisions are taken. 

It is the curriculu 


j m, not merely the syllabus, which determines the 
quality and value of environmental education. 


The curriculum of students, overt and covert, is determined in large part 
by the ambience or culture amo 


. ng their teachers. In an important 
respect, the culture is the curriculum. 

In the environmental education of engineers the attitudes of engineer 

-engineer teachers are major 

r 1 ll organizations should take 

human factors into account, but in this field such factors are of cru- 

cial importance. 


n show itself in ma 


W il ny ways. 
c organization exist than are generally recog- 
nized and considered. Simple and apparent] k à i 


; C 1 ly inexpensiv edients 
like service teaching can be a waste of aeta pe 
More complex arrangements require detailed Planning and close co- 
ordination. 

The adoption of any form of or 
discussion of the real ai 
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